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Ac   : acetyl 
ADV   : Adefovir 
AIBN   : 2,2 ′-azobis (isobutyronitrile)  
APCI   : atmospheric aressure chemical ionization 
aq   : aqua 
AZT   : 3′-azido-3′-dehydroxythymidine 
[B] 
Bz   : benzoyl 
[C] 
calcd.   : calculated 
cccDNA  : covalently closed circular DNA 
CC50   : 50% cytotoxic concentration  
CDI   : 1,1 ′-carbonyldiimidazole 
[D] 
dATP   : 2′-deoxy adenosine triphosphate 
DABCO  : 1,4-diazabicyclo [2.2.2] octane 
DBU   : 1,8-diazabicyclo [5.4.0] undec-7-ene 
DCM   : dichloromethane 
dCTP   : 2′-deoxy cytidine triphosphate 
ddC   : 2′,3′-dideoxycytidine 
ddI   : 2′,3′-dideoxyinosine 
DDQ   : 2,3-dichloro-5,6-dicyano-p-benzoquinone 
dGTP   : 2′-deoxy guanosine triphosphate 
DIAD   : diisopropyl azodicarboxylate 
DMAP  : N,N-dimethyl-4-aminopyridine 
DMF   : N,N-dimethylformamide 
DMP   : Dess-Martin periodinane 
DMSO  : dimethyl sulfoxide 
DMTr   : 4,4 ′-dimethoxytrityl  




EC50   : half maximal (50%) effective concentration  
EDC   : 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide 
ESI   : electrospray ionization 
Et   : ethyl 
ETV   : Entecavir 
[H] 
HBe   : hepatitis B virus envelope 
HBs   : hepatitis B virus surface 
HBV   : hepatitis B virus 
HCV   : hepatitis C virus 
HIV   : human immunodeficiency virus  
[I]  
IFN   : interferon 
isoddA  : 2′,3′-dideoxy isoadenosine 
[L] 
LAM   : Lamivudine 
LP  : lone pair  
[M] 
mCBA  : m-chlorobenzoic acid 
mCPBA  : m-chloroperoxybenzoic acid  
Me   : methyl 
mRNA  : messenger RNA 
MS 3A  : molecular sieve 3ύ  
MS   : mass spectrometry 
MTT   : 3-(4,5-di-methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
[N] 
Nap   : (2-naphthalenyl) methyl 
NAs   : nucleoside analogues 
n-BuLi  : n-butyllithium 
NMR   : nuclear magnetic resonance 
nor-AZADO  : 9-azanoradamantane-N-oxyl 




PCR   : polymerase chain reaction  
pgRNA  : pregenomicRNA 
PMB   : p-methoxybenzyl  
PPh3   : triphenylphosphine 
PTSA   : p-toluenesulfonic acid 
[Q] 
QOL   : quality of life 
[R] 
rcDNA  : relaxed circular DNA 
[T] 
TAF   : Tenofovir alafenamide 
TBAF  : tetrabutylammonium fluoride 
TBA-HS  : tetrabutylammonium hydrogen sulfate 
TBDPS  : tert-butyldiphenylsilyl  
TBS   : tert-butyldimethylsilyl  
TCDI   : 1,1 ′-thiocarbonyldiimidazole  
TCID50  : tissue culture infectious dose 50% 
TDF   : Tenofovir disoproxyl 
TEA   : triethylamine 
TFA   : trifluoroacetic acid    
THF   : tetrahydrofuran 
TIPS   : triisopropylsilyl  






➨1⠇B ᆺ⫢⅖  
 
➨1㡯HBV ឤᰁ  
 
HBV (B ᆺ⫢⅖࢘࢖ࣝࢫ ) ࡢឤᰁ⪅ᩘࡣୡ⏺࡛⣙ 2 ൨ 5,700 ୓ே࠸ࡿ࡜᥎
ᐃࡉࢀ࡚࠾ࡾ ,[1]  ᮏ㑥࡛ࡣேཱྀࡢ⣙ 1%ࡀឤᰁࡋ࡚࠸ࡿ࡜⪃࠼ࡽࢀ࡚࠸
ࡿ .[2]  HBV ࡟ឤᰁࡋ ,  ៏ᛶ⫢⅖ࢆᘬࡁ㉳ࡇࡋࡓሙྜ , ⫢◳ኚࡸ⫢ࡀࢇ࡬࡜
㐍ᒎࡍࡿࡇ࡜ࡀ▱ࡽࢀ , 2010 ᖺ࡟࠾ࡅࡿୡ⏺ࡢ⫢ࡀࢇࡢ⣙༙ᩘࡣ HBV ឤ
ᰁ࡟㉳ᅉࡋ࡚࠸ࡿࡇ࡜ࡀሗ࿌ࡉࢀࡓ .[3 ]  ࡉࡽ࡟ ,  2015 ᖺ࡟ࡣୡ⏺࡛ 887,000
ேࡀ B ᆺ⫢⅖ࡢྜే⑕࡟ࡼࡗ࡚Ṛஸࡋ࡚࠸ࡿࡇ࡜ࡀሗ࿌ࡉࢀࡓ .[1]  ≉࡟ , 
࢔ࣇࣜ࢝ࡸ༡⡿ ,  ᪥ᮏࢆ㝖ࡃ࢔ࢪ࢔࡛ࡣ㧗࠸᭷⑓⋡ࡀ☜ㄆࡉࢀ࡚࠾ࡾ , 
HBV ឤᰁᑐ⟇ࡣ඲ୡ⏺ⓗ࡞ㄢ㢟࡜࡞ࡗ࡚࠸ࡿ .[4]  HBV ࡢឤᰁ⤒㊰ࡣឤᰁ⪅
ࡢ⾑ᾮࡸ⢭ᾮ࡜ࡢ᥋ゐ࡛࠶ࡾ ,  ฟ⏘࡟ࡼࡿᆶ┤ឤᰁ࡜ᛶ஺΅ࡸ㍺⾑ ,  ㏱ᯒ
࡟ࡼࡿỈᖹឤᰁࡀ୺࡞ཎᅉ࡜࡞ࡿ .  
ᮏ㑥࡛ࡣ , ᆶ┤ឤᰁᑐ⟇࡜ࡋ࡚ 1985 ᖺ࡟ B ᆺ⫢⅖࣡ࢡࢳࣥࡢ౑⏝ࡀ㛤
ጞࡉࢀ , ࡑࡢ⩣ᖺ࠿ࡽࢢࣟࣈࣜࣥ〇๣ࡢే⏝ࡀ⾜ࢃࢀࡿࡼ࠺࡟࡞ࡗࡓ .  ⌧
ᅾࡣዷ፬೺デ࡟࡚ HBV ࡢࢫࢡ࣮ࣜࢽࣥࢢ᳨ᰝࡀ⾜ࢃࢀ ,  HBV ࡢᆶ┤ឤᰁ
ࡣⴭࡋࡃῶᑡࡋࡓ .[ 4]  ࡋ࠿ࡋ࡞ࡀࡽ , Ỉᖹឤᰁࡣῶᑡࡏࡎ , ㏆ᖺ࡛ࡣᣢ⥆
ឤᰁ࡜࡞ࡾࡸࡍ࠸ࢤࣀࢱ࢖ࣉ A ࡢ HBV ឤᰁࡀቑຍഴྥ࡟࠶ࡿ .[5] -[7]  ࡇࡢ
ࡼ࠺࡞஦ែࢆ៧៖ࡋ , WHO ࡣ඲ஙඣࡀ HBV ࣡ࢡࢳࣥࢆ᥋✀ࡍࡿࠕࣘࢽࣂ
࣮ࢧࣝ࣡ࢡࢳࢿ࣮ࢩࣙࣥࠖࢆ⾜࠺ࡼ࠺࡟່࿌ࡋ࡚࠾ࡾ , ㆟ㄽࡀ⾜ࢃࢀ࡚࠸
ࡿ .[8]  ࡋ࠿ࡋ࡞ࡀࡽ , ࡍ࡭࡚ࡢឤᰁࢆ஦๓࡟㜵ࡄࡇ࡜ࡣ⌧ᐇⓗ࡛ࡣ࡞࠸ .  
ࡑࡢࡓࡵ , HBV ឤᰁ࡟࠾ࡅࡿ⮬↛⤒㐣ࢆ▱ࡾ , ឤᰁ⪅ࡢデ᩿ཬࡧ἞⒪ἲࡢ
☜❧㺃ᨵⰋࢆ⾜࠺ࡇ࡜ࡣឤᰁ⪅ࡢ QOL ࢆᨵၿࡍࡿୖ࡛㔜せ࡛࠶ࡿ .  
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➨2㡯HBV ឤᰁᚋࡢ⮬↛⤒㐣  
 
HBV ࡟ឤᰁࡋࡓሙྜ , ୍㐣ᛶឤᰁࢆᘬࡁ㉳ࡇࡍሙྜ࡜ , ᣢ⥆ឤᰁ࡜࡞ࡿ
ሙྜࡀ࠶ࡿ .  ୍㐣ᛶឤᰁࡢከࡃࡣணᚋⰋዲ࡛࠶ࡿࡀ ,  ⛥࡟๻⑕⫢⅖ࢆᘬࡁ
㉳ࡇࡍࡇ࡜ࡀ࠶ࡾ , ࡑࡢሙྜ , ⮴Ṛ⋡ࡣ 70-80%࡛࠶ࡿ .[9]  ୍᪉ , ᣢ⥆ឤᰁ
࡜࡞ࡗࡓሙྜ ,  ៏ᛶ⫢⅖ࢆ⤒࡚⫢ࡀࢇ࡜࡞ࡾ , ணᚋ୙Ⰻ࡜࡞ࡿࡇ࡜ࡶᑡ࡞
ࡃ࡞࠸ . ᣢ⥆ឤᰁࢆᘬࡁ㉳ࡇࡍ☜⋡ࡣᖺ㱋࡟ࡼࡗ࡚኱ࡁࡃ␗࡞ࡗ࡚࠾ࡾ ,  
᪂⏕ඣࡢሙྜࡣ⣙ 95%, 1-5 ṓࡢሙྜ 20-30%, ᡂேࡢሙྜ 5%ᮍ‶ࡢ☜⋡࡛
ᣢ⥆ឤᰁࢆᘬࡁ㉳ࡇࡍ .[10] ᣢ⥆ឤᰁ⪅ࡢከࡃࡣ⑕≧ࡢ࡞࠸↓⑕ೃᛶ࢟ࣕ
ࣜ࢔࡜࡞ࡿ .  ࡇࡢ↓⑕ೃᛶ࢟ࣕࣜ࢔ࡢᮇ㛫ࢆձච␿ᐶᐜᮇ࡜࿧ࡪ . ච␿ᐶ
ᐜᮇࡢᮇ㛫ࡣಶேᕪࡀ኱ࡁࡃ ,  ᩘᖺ㹼༑ᩘᖺࡢᖜࡀ࠶ࡿ . ච␿ᐶᐜᮇࡀ⤊
ࢃࡿ࡜⫢⅖ࡢ⑕≧ࢆ࿊ࡋጞࡵࡿ .  ࡇࡢ⫢⅖ࢆⓎ⑕ࡋ࡚࠸ࡿᮇ㛫ࢆղච␿ᛂ
⟅ᮇ , ࡶࡋࡃࡣճపቑṪᮇ࡜࿧ࡪ .  ච␿ᛂ⟅ᮇ࡜పቑṪᮇࡢ㐪࠸ࡣ HBV࣐
࣮࣮࢝ࡢ≧ែ࡛༊ูࡉࢀࡿ . ࡑࡢᚋ , ୍᪦៏ᛶ⫢⅖ࡀ⤊ᜥࡋ , ⫢⅖ࡢ⑕≧
ࢆ࿊ࡉ࡞ࡃ࡞ࡗࡓᮇ㛫ࢆմᐶゎᮇ࡜࿧ࡪ . (Fig.1)  
 
ᣢ⥆ឤᰁࡢ≧ែࡣ኱ࡁࡃศࡅ࡚ࡇࡢ 4 ẁ㝵࡟ศ㢮ࡉࢀࡿࡀ , ឤᰁ⪅ࡀ࡝
ࡢẁ㝵࡟࠶ࡿࡢ࠿ࢆุ᩿ࡍࡿୖ࡛㔜せ࡞࣐࣮࣮࢝ࡀ HBe ᢠཎ , HBe ᢠయ , 
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HBs ᢠཎ , HBs ᢠయ࡛࠶ࡿ .  ࡇࢀࡽࡢ࣐࣮࣮࢝ࡢ⮫ᗋⓗព࿡ࢆ Table 1 ࡟ࡲ
࡜ࡵࡓ .   
 
HBe ᢠཎࡣ HBV ࡟࠾ࡅࡿቑṪࡢάⓎࡉࢆ⾲ࡍ . HBe ᢠཎࡀ㝧ᛶ࡛࠶ࡿሙ
ྜ , HBV ࡀάⓎ࡟ቑṪࡋ࡚࠾ࡾ , ឤᰁຊࡀ㧗ࡃ , ⫢⅖ࡣቑᝏࡍࡿ . ୍᪉ ,  
HBe ᢠཎࡀ㝜ᛶࡢሙྜ , HBV ࡢቑṪࡀᢚไࡉࢀ࡚࠸ࡿࡇ࡜ࡀ♧၀ࡉࢀࡿ .  
ࡲࡓ , HBs ᢠཎࡣ HBV ࡟ឤᰁࡋ࡚࠸ࡿ࠿ྰ࠿ࢆ⾲ࡍ .  ࡘࡲࡾ , HBs ᢠཎࡀ
㝧ᛶ࡛࠶ࢀࡤ ,  ឤᰁ⪅ࡢయෆ࡟ HBV ࡀᏑᅾࡍࡿࡇ࡜ࢆ⾲ࡋ , HBs ᢠཎࡀ㝜
ᛶ࡛࠶ࢀࡤ , యෆ࠿ࡽ HBV ࡀ㝖ཤࡉࢀ࡚࠸ࡿࡇ࡜ࢆ⾲ࡍ .  ࡲࡓ , HBe ᢠయ
ཬࡧ , HBs ᢠయࡣឤᰁ⪅⏤᮶ࡢᢠయ࡛࠶ࡿ . HBe ᢠయࡢ㝧ᛶࡣ HBV ࡢቑṪ
ࡀపୗࡋ , ឤᰁຊࡀప࠸ࡇ࡜ࢆ⾲ࡋ , HBs ᢠయ㝧ᛶࡣ HBV ࡟ᑐࡍࡿච␿ࢆ
⋓ᚓࡋ࡚࠸ࡿࡇ࡜ࢆ⾲ࡍ .[6]   
ࡑࡋ࡚ ,  HBe ᢠཎ࡜ HBe ᢠయࡣ≉Ṧ࡞㛵ಀ࡟࠶ࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ . 
HBe ᢠཎ㝧ᛶࡢ㝿࡟ࡣ HBe ᢠయࡣ㝧ᛶ࡟࡞ࡽࡎ , HBe ᢠཎࡀ㝜ᛶ࡟࡞ࡗࡓ
ᚋ࡟ HBeᢠయࡣ㝧ᛶ࡜࡞ࡿ . ࡇࡢ⌧㇟ࡢࡇ࡜ࢆࢭࣟࢥࣥࣂ࣮ࢪࣙࣥ࡜࿧ࡪ .  
ඛ㏙ࡋࡓࡼ࠺࡟ , HBe ᢠཎ㝧ᛶࡣ HBV ࡀάⓎ࡟ቑṪࡋ࡚࠸ࡿࡇ࡜ࢆ⾲ࡋ ,  
⫢⑓ኚࡀ㐍⾜ࡋ࡚࠸ࡿࡇ࡜ࢆ♧၀ࡍࡿ . ࡑࡢࡓࡵ , ᣢ⥆ឤᰁ⪅࡟࡜ࡗ࡚ࢭ
ࣟࢥࣥࣂ࣮ࢪࣙࣥࡀ࠸࠿࡟᪩ࡃ⏕ࡌࡿ࠿ࡀணᚋࢆᨵၿࡍࡿୖ࡛ , 㠀ᖖ࡟㔜
せ࡜࡞ࡿ .  [4 ] , [6] , [11] -[14] 
ࡍ࡞ࢃࡕ , HBV ࡟ឤᰁࡋࡓሙྜ , ᪩ᮇ࡟᳨ᰝࢆ⾜࠸ , 㐺ࡋࡓ἞⒪ࢆ⾜࠺
ࡇ࡜ࡀᝈ⪅ࡢ QOL ྥୖ࡟࠾࠸࡚㠀ᖖ࡟㔜せ࡜࡞ࡿ .    
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➨3㡯HBV ឤᰁ⑕἞⒪  
 
⌧ᅾ , HBV ឤᰁ⑕ࡢ἞⒪࡟ࡣ NAs (᰾㓟࢔ࢼࣟࢢ ) ࡜ IFN (࢖ࣥࢱ࣮ࣇ࢙
ࣟࣥ ) 〇๣ࡀ౑⏝ࡉࢀ࡚࠸ࡿ . ᮏ㑥࡛ࡣ᭱ึ࡟ IFN 〇๣ࡢ౑⏝ࡀ㛤ጞࡉࢀ
ࡓ . ࡋ࠿ࡋ࡞ࡀࡽ ,  IFN 〇๣ࡣᢞ୚⤒㊰ࡀ⓶ୗὀᑕ࡜࡞ࡗ࡚ࡋࡲ࠺௚ , ๪స
⏝ࡀከᒱ࡟ࢃࡓࡾ ,  㛫㉁ᛶ⫵⅖࡞࡝ࡢ㔜⠜࡞๪స⏝ࡶሗ࿌ࡉࢀ࡚࠸ࡓ .[15]  
ࡑࡢࡓࡵ ,  ๪స⏝ࡀẚ㍑ⓗᑡ࡞ࡃ , ⤒ཱྀᢞ୚ࡀྍ⬟࡞἞⒪⸆ࡀᮃࡲࢀ࡚
࠸ࡓ . ࡇ࠺ࡋࡓ୰ , HIV (ࣄࢺච␿୙඲࢘࢖ࣝࢫ ) ࡟ᑐࡋ࡚౑⏝ࡉࢀ࡚࠸ࡓ
NAs ࡛࠶ࡿ LAM (1) ࡀ HBV ࡢ㏫㌿෗ࢆ㜼ᐖࡍࡿࡇ࡜ࡀⓎぢࡉࢀ , ᮏ㑥࡛
ࡣ 2000 ᖺ࠿ࡽ LAM ࡢ౑⏝ࡀ㛤ጞࡉࢀࡓ . ࡋ࠿ࡋ , LAM ࡣ㛗ᮇᢞ୚ࡀᚲせ
࡛࠶ࡾ , ࡑࡢ⤖ᯝ , ⪏ᛶᰴࡢฟ⌧࡟క࠺ࣈࣞ࢖ࢡࢫ࣮ࣝࡀሗ࿌ࡉࢀࡓ .[16] 
ࡑࡢᚋ , ADV (2) ࡢ౑⏝ࡀ 2004 ᖺ࡟㛤ጞࡉࢀ , ADV ࡣ LAM ⪏ᛶᰴ࡟ᑐࡋ
࡚ࡶ᭷ຠ࡛࠶ࡗࡓ .[1 7]  ࡉࡽ࡟ LAM ⪏ᛶᰴ࡟ᑐࡋ , LAM ࡜ ADV ࢆే⏝ࡍࡿ
ࡇ࡜࡛ ,  ࡼࡾ㧗࠸ᢠ HBVຠᯝࢆⓎ᥹ࡋ , ୧๣࡟ᑐࡍࡿ⪏ᛶᰴࡢฟ⌧ࣜࢫࢡ
ࡀపୗࡍࡿࡇ࡜ࡀሗ࿌ࡉࢀࡓ .[18] -[19]  ࡋ࠿ࡋ࡞ࡀࡽ ,  ADV ࡢ๪స⏝࡜ࡋ࡚
⭈㞀ᐖࡀ☜ㄆࡉࢀ࡚࠾ࡾ , ⭈ᶵ⬟ࡀపୗࡋ࡚࠸ࡿሙྜ , ᢞ୚㔞ࢆㄪᩚࡍࡿ
ᚲせࡀ࠶ࡗࡓ .[20] ࡑࡢᚋ ,  2006 ᖺ࡟⌧ᅾࡢ➨୍㑅ᢥ⸆࡛࠶ࡿ ETV (3) ࡢ౑
⏝ࡀ㛤ጞࡉࢀࡓ . ETV ࡣ༢๣࡛㠀ᖖ࡟ᢠ HBV άᛶࡀ㧗ࡃ ,  0.5 mg/day ࡜࠸
࠺ᴟᚤ㔞࡛ᙉຊ࡟ HBV ࡢቑṪࢆᢚไࡍࡿ  (LAM:100 mg/day, ADV:10 
mg/day). ࡉࡽ࡟ ,  ETV ࡣ⪏ᛶᰴࡀฟ⌧ࡋ࡟ࡃࡃ , ๪స⏝ࡀ㠀ᖖ࡟ᑡ࡞࠸࡜
࠸࠺ඃࢀࡓ≉㛗ࡀ࠶ࡿ . ࡓࡔࡋ ,  ⪏ᛶᰴࡀ⏕ࡌ࡟ࡃ࠸ࡢࡣ ETV ࢆ HBV ឤ
ᰁ⑕἞⒪ࡢึᮇ࠿ࡽ౑⏝㛤ጞࡋࡓሙྜ࡛࠶ࡾ , ᪤࡟ LAM ࡛἞⒪ࢆ㛤ጞࡋ ,  
LAM ⪏ᛶᰴࡀ⏕ࡌ࡚࠸ࡿ≧ែ࡛㛗ᮇᢞ୚ࢆ⾜ࡗࡓሙྜ ,  ETV ⪏ᛶᰴࡢฟ⌧
ࡀ☜ㄆࡉࢀ࡚࠸ࡿ .[21]  ࡑࡢᚋ , TDF (4) ࡀ 2014 ᖺ࡟౑⏝ࡀ㛤ጞࡉࢀࡓࡀ , 
TDF ࡣ⫢⮚࡬ࡢ྾཰ຠ⋡ࡀᝏࡃ , 300 mg/day ࡢᢞ୚ࡀᚲせ࡛࠶ࡗࡓ .[22] ࡇ
ࡢㄢ㢟ࢆゎỴࡍࡿࡓࡵ , Tenofovirࢆ࣍ࢫ࣍ࣥ࢔࣑ࢹ࣮ࢺ࡛ಟ㣭ࡋࡓ TAF (5) 
ࡀ㛤Ⓨࡉࢀ , 2017 ᖺ࡟౑⏝ࡀ㛤ጞࡉࢀࡓ . TAF ࡣ TDF ࡼࡾࡶ⫢⮚࡟ຠ⋡ⓗ
࡟ྲྀࡾ㎸ࡲࢀࡿࡓࡵ , 25 mg/day ࡢᢞ୚࡛ TDF ࡜ྠ➼ࡢຠᯝࢆ♧ࡍ .[23] ࡑ
ࡢࡓࡵ⾑୰⃰ᗘࢆపࡃᢚ࠼ࡿࡇ࡜ࡀྍ⬟࡛࠶ࡾ , ๪స⏝ࡢపῶࡀᮇᚅࡉࢀ




᭱㏆ሗ࿌ࡉࢀࡓ᪂つ NAs ࡜ࡋ࡚ࡣ , ࢩࢡࣟࣉࣟࣃࣥ⎔ࡢᑟධ࡟ࡼࡾ ,  ࢔
ࢩࢡࣟࢾࢡࣞ࢜ࢩࢻࡢ㓄ᗙᅛᐃ໬ࢆ⾜ࡗ࡚ᢠ࢘࢖ࣝࢫάᛶࢆቑᙉࡋࡓ
Besifovir dipivoxil (6)[24] -[25]  ࡀ 2019 ᖺ࠿ࡽ㡑ᅜ࡛౑⏝㛤ጞࡉࢀ࡚࠸ࡿ .  ࡉ
ࡽ࡟ ,  NAs ࡸ IFN ࡜␗࡞ࡿస⏝ᶵᗎࢆᣢࡘᢠ HBV ⸆ࡢ㛤Ⓨࡀ㐍ࢇ࡛࠸
ࡿ .[26]  ᚋ㏙ࡍࡿ NTCP ཷᐜయ࡬ࡢ Dane ⢏Ꮚࡢ⤖ྜࢆ㜼ᐖࡍࡿ Myrcludex-
B ࡣ 2019 ᖺ࠿ࡽ Phase2 ࡢ⮫ᗋヨ㦂ࡀ⾜ࢃࢀ࡚࠸ࡿ .[27] -[29]  ࡉࡽ࡟ , HBV ࢝
ࣉࢩࢻ㔜ྜࢆ㜼ᐖࡍࡿ Morphothiadine (7)[30]  ࡸ HBV DNA ㌿෗ᅉᏊࢆ㜼ᐖ
ࡍࡿ Nitazoxanide (8)[31] -[33]ࡶ 2019 ᖺ࠿ࡽ Phase2 ࡢ⮫ᗋヨ㦂ࡀ㐍⾜୰࡛࠶






➨1㡯HBV ࡢࣛ࢖ࣇࢧ࢖ࢡࣝ  
 
HBV ࡣ࣊ࣃࢻࢼ࢘࢖ࣝࢫ⛉࡟ᒓࡋ࡚࠾ࡾ , HBV ࣅࣜ࢜ࣥࡣ Dane ⢏Ꮚ࡜
࿧ࡤࢀ࡚࠸ࡿ . Dane ⢏Ꮚࡣ 3.2kbp ࡢ୙᏶඲࡞஧ᮏ㙐 DNA (relaxed circular 
DNA, rcDNA) ࡀࢾࢡࣞ࢜࢝ࣉࢩࢻ࡟ᑒධࡉࢀ , ࡉࡽ࡟ࡑࡢ࿘ᅖࢆ࢚ࣥ࣋
࣮ࣟࣉࡀそࡗࡓᵓ㐀ࢆࡋ࡚࠸ࡿ .[34]  
HBV ࡣ 1964 ᖺ࡟Ⓨぢࡉࢀ࡚࠿ࡽ㛗࠸ᮇ㛫 ,  HBV ࡟ឤᰁࡍࡿᇵ㣴⣽⬊ࡀ
࡞࠿ࡗࡓࡓࡵ ,  ◊✲ࡀ㜼ࡲࢀ࡚࠸ࡓ . ࡋ࠿ࡋ࡞ࡀࡽ , 2012 ᖺ࡟ HBV ࡀ⫢⣽
⬊࡟౵ධࡋ , ឤᰁࢆᡂ❧ࡉࡏࡿࡓࡵࡢཷᐜయࠕNTCP (Na+౫Ꮡᛶ⫹Ồ㓟ࢺࣛ
ࣥࢫ࣏࣮ࢱ࣮ )ࠖࡀⓎぢࡉࢀࡓ .[35]  ࡇࡢࡇ࡜࡟ࡼࡾ ,  NTCP ࢆⓎ⌧ࡋࡓ⣽⬊
ᰴࡀᶞ❧ࡉࢀ , ᢠ HBV άᛶࢆ᭷ࡍࡿ໬ྜ≀ࡢࢫࢡ࣮ࣜࢽࣥࢢࡸヲ⣽࡞
HBV ቑṪ㐣⛬ࡢ◊✲ࡀྍ⬟࡜࡞ࡾ ,  HBV ࡟㛵ࡍࡿ◊✲ࡣᛴ㏿࡟Ⓨᒎࡋ
ࡓ .[36] -[37] 
 
 HBV ࡣ≉␗࡞ࣛ࢖ࣇࢧ࢖ࢡࣝࢆᙧᡂࡋ࡚࠸ࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠾ࡾ , Dane
⢏Ꮚࡣ NTCP ࡟᥋╔ࡋ  (Fig.4, ձ ), ౵ධࡍࡿ  (Fig.4,  ղ ). ࡑࡢᚋ , ⬺Ẇࢆ
⤒࡚ rcDNA ࡀ᰾ෆ࡬࡜⛣⾜ࡍࡿ  (Fig.4, ճ ). ᰾ෆ࡟⛣⾜ࡋࡓ rcDNA ࡣᐟ
୺ࡢᣢࡘ㓝⣲࡟ࡼࡗ࡚ covalently closed circular DNA (cccDNA) ࡜࿧ࡤࢀࡿ
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㠀ᖖ࡟Ᏻᐃ࡞ DNA ࡬࡜ኚ᥮ࡉࢀࡿ  (Fig.4,  մ ). ࡑࡢᚋ , cccDNA ࠿ࡽᐟ୺
ࡢ DNA ౫Ꮡᛶ RNA ࣏࣓࣮ࣜࣛࢮ࡟ࡼࡗ࡚ 3.5 kb ࡢ pgRNA ࡜࿧ࡤࢀࡿ
mRNA ࡬㌿෗ࡉࢀࡿ  (Fig.4,  յ ). ࡉࡽ࡟ cccDNA ࠿ࡽࡢ㌿෗࡛ࡣ , pgRNA
࡟ຍ࠼ , 3 ✀㢮ࡢ mRNA ࡀ㌿෗ࡉࢀ , mRNA ࠿ࡽ㏫㌿෗㓝⣲ࡸ࢝ࣉࢩࢻ➼ࡢ
࢘࢖ࣝࢫ⏤᮶ࡢࢱࣥࣃࢡ㉁ࡀ⩻ヂࡉࢀࡿ  (Fig.4 , ն ). ࡑࡢᚋ ,  pgRNA ࡣ⩻
ヂࡉࢀࡓ࢝ࣉࢩࢻෆ࡟ᑒධࡉࢀ  (Fig.4, շ ), ࢝ࣉࢩࢻෆ࡟Ꮡᅾࡍࡿ㏫㌿෗
㓝⣲࡟ࡼࡗ࡚㏫㌿෗ࢆཷࡅ rcDNA ࡀྜᡂࡉࢀࡿ  (Fig.4, ո ). rcDNA ࢆྵ
ࡴࢾࢡࣞ࢜࢝ࣉࢩࢻࡣ ,  ࢚࣮ࣥ࣋ࣟࣉࢆᙧᡂࡋࡘࡘ Dane ⢏Ꮚ࡜࡞ࡾ⬺㞳
ࡍࡿ  (Fig.4,  չ ).  ࡇࡢ cccDNA ࠿ࡽࡢ୍㐃ࡢὶࢀ  (Fig.4 , յ -չ )ࢆ⧞ࡾ㏉
ࡍࡇ࡜࡛ HBV ࡣቑṪࡍࡿ .  [38] -[41]  ࡑࡢࡓࡵ ,  B ᆺ⫢⅖ࢆ᰿἞ࡍࡿ࡟ࡣ
cccDNA ࢆ᤼㝖ࡍࡿᚲせࡀ࠶ࡿࡀ ,  cccDNA ࡢ᤼㝖ࡣᅔ㞴࡛࠶ࡾ , ⌧ᅾࡢ἞





๓㡯࡛♧ࡋࡓࡼ࠺࡟ HBV ࡣ㏫㌿෗ࢆ⾜࠺ࡓࡵ , 㑇ఏᏊኚ␗ࡀ⏕ࡌࡸࡍ
࠸ . ࡋࡓࡀࡗ࡚ , 㑇ఏᏊኚ␗ࢆ㏻ࡌ࡚⸆๣⪏ᛶᰴࡀฟ⌧ࡋࡸࡍࡃ , ≉࡟ , 
NAs ࡟ᑐࡍࡿ⸆๣⪏ᛶᰴࡢฟ⌧ࡀၥ㢟࡜࡞ࡗ࡚࠸ࡿ . NAs ࡣ  HBV ࡢ㏫㌿
෗ࡢ㐣⛬ࢆ㜼ᐖࡍࡿࡇ࡜࡛ᢠ HBV స⏝ࢆ♧ࡍࡀ , ࡇࡢస⏝ࡣ HBV ࡢቑṪ
ࢆᢚไࡍࡿࡶࡢ࡛࠶ࡾ , ᰿἞࡟ࡣ⮳ࡽ࡞࠸ . ࡑࡢࡓࡵ ,  NAs ࡢ౑⏝ࢆ୰Ṇ
ࡋࡓሙྜ , ෌ࡧ HBVࡀቑṪࡋ , ἞⒪๓ࡢ≧ែ࡟ᡠࡿࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿ .  
ࡇࡢࡇ࡜࠿ࡽ㛗ᮇⓗ࡞ணᚋᨵၿࡢࡓࡵ࡟ NAs ࡢᢞ୚ࡣཎ๎࡜ࡋ࡚୰Ṇࡏ
ࡎ , ⥅⥆ᢞ୚࡟ࡼࡗ࡚ HBV ࡢቑṪࢆᢚไࡋ⥆ࡅࡿᚲせࡀ࠶ࡿ .[42]  ࡋ࠿ࡋ
࡞ࡀࡽ , 㛗ᮇᢞ୚ࡣ⸆๣⪏ᛶᰴࡢฟ⌧ࣜࢫࢡࢆ㧗ࡵ࡚ࡋࡲ࠸ , ⸆๣⪏ᛶᰴ
ࡀฟ⌧ࡋࡓሙྜ , ࣈࣞ࢖ࢡࢫ࣮ࣝࢆᘬࡁ㉳ࡇࡍ .  
⸆๣⪏ᛶ⋓ᚓࡢᶵᗎ࡟㛵ࡍࡿ◊✲ࡣ┒ࢇ࡟࠾ࡇ࡞ࢃࢀ࡚࠾ࡾ ,  NAs ࡟ᑐ
ࡍࡿ⪏ᛶᰴ࡟࠾࠸࡚㏫㌿෗㓝⣲ࡢ࢔࣑ࣀ㓟ኚ␗⟠ᡤࡀሗ࿌ࡉࢀ࡚࠸ࡿ .[41] -
[46]  ᭱ࡶ㧗࠸㢖ᗘ࡛⏕ࡌࡿ LAM ⪏ᛶᰴࡣ㏫㌿෗㓝⣲ࡢ 204 ␒┠ࡢ࣓ࢳ࢜
ࢽࣥࡀࣂࣜࣥࡶࡋࡃࡣ࢖ࢯࣟ࢖ࢩࣥ࡟ኚ␗ࡋ , ࡉࡽ࡟ 180 ␒┠ࡢࣟ࢖ࢩࣥ
ࡀ࣓ࢳ࢜ࢽࣥ࡟ኚ␗ࡍࡿࡇ࡜࡛⏕ࡌࡿ .[41] , [42]  ࡉࡽ࡟ ,  LAM ⪏ᛶᰴࡣ ETV
࡟ᑐࡍࡿឤཷᛶࡀపୗࡋ ,  ㏫㌿෗㓝⣲ࡢ 184 ␒┠ࢺࣞ࢜ࢽࣥ , 202 ␒┠ࡢࢭ
ࣜࣥࡶࡋࡃࡣ 250 ␒┠ࡢ࣓ࢳ࢜ࢽࣥࡀኚ␗ࡍࡿࡇ࡜࡛ ETV ࡟ᑐࡍࡿ⸆๣
⪏ᛶࢆ⋓ᚓࡍࡿࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿ .[45]  ࡲࡓ ,  TDF ཬࡧ TAF ࡟ᑐࡋ࡚⪏




ࡃ࡞ࡗ࡚ࡋࡲ࠺ࡇ࡜࠿ࡽ ,  HBV ឤᰁ⪅ࡢணᚋ࡟┤⤖ࡍࡿၥ㢟࡛࠶ࡿ .  ࡑࡢ
ࡓࡵ , ⸆๣⪏ᛶᰴ࡟ᑐࡋ࡚ࡶຠᯝࢆ♧ࡋ , ࠿ࡘ , ᙉຊ࡞ᢠ HBV స⏝࡟ࡼࡗ
࡚⸆๣⪏ᛶࡢ⋓ᚓࢆチࡉࡎ , ప⣽⬊ẘᛶࡢ᪂つ NAs ࡢ㛤Ⓨࡀồࡵࡽࢀ࡚࠸





➨1㡯⌧ᅾᢎㄆࡉࢀ࡚࠸ࡿ NAs ࡢ≉ᚩ  
 
NAs ࡣ HBV ࡢࣛ࢖ࣇࢧ࢖ࢡࣝ࡟࠾࠸࡚ pgRNA ࠿ࡽ rcDNA ࢆྜᡂࡍࡿ
㏫㌿෗ࢆ㜼ᐖࡍࡿ . ㏫㌿෗ࡣࣄࢺࡢ⣽⬊࡛ࡣ࡯࡜ࢇ࡝⾜ࢃࢀ࡚࠸࡞࠸ࡓࡵ ,  
㏫㌿෗ࢆ㜼ᐖࡍࡿࡇ࡜࡛ṇᖖ࡞⣽⬊ࡢάືࢆᐖࡍࡿࡇ࡜࡞ࡃ , HBV ࡢࣛ࢖
ࣇࢧ࢖ࢡࣝࡢࡳࢆ㜼ᐖ࡛ࡁࡿ . ࡲࡓ ,  ㏫㌿෗㓝⣲ࡣ୍⯡ⓗ࡞ DNA࣏࣓ࣜࣛ
࣮ࢮ࡜ẚ㍑ࡋ࡚ᇶ㉁≉␗ᛶࡀప࠸ࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ .[47] -[48]  ࡇࡢࡇ࡜ࡣ ,  
㏫㌿෗㓝⣲ࡀࢾࢡࣞ࢜ࢳࢻ࡟㢮ఝࡋ࡚࠸ࡿ໬ྜ≀ࢆㄗࡗ࡚ྲྀࡾ㎸ࡳ ,  DNA
ෆ࡟⤌ࡳ㎸ࡴࡇ࡜ࢆ♧၀ࡍࡿ .  
NAs ࡣ⣽⬊࡟ྲྀࡾ㎸ࡲࢀࡓᚋ࡟୕ࣜࣥ㓟య  (ࡶࡋࡃࡣ஧ࣜࣥ㓟య ) ࡜࡞
ࡗ࡚స⏝ࢆ♧ࡍ . ࣜࣥ㓟໬ࡉࢀࡓ NAs ࡣ dATP, dGTP, dCTP, TTP ࡢ࠸ࡎࢀ
࠿࡜➇ྜࡋ࡚㏫㌿෗㓝⣲࡟ྲྀࡾ㎸ࡲࢀ ,  HBV DNA ࡟⤌ࡳ㎸ࡲࢀࡿ . DNA ࡟
⤌ࡳ㎸ࡲࢀࡓ NAs ࡣ 5 ′࠿ࡽ 3 ′᪉ྥ࡬ࡢ DNA ఙ㛗ࢆ㜼ᐖࡍࡿ . (Fig.5)  
 
ࡇࡢࡼ࠺࡟㏫㌿෗㓝⣲ࢆ㜼ᐖࡋ࡚ᢠ࢘࢖ࣝࢫస⏝ࢆ♧ࡍ NAs ࡣ , HIV ἞
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⒪ࡢศ㔝࡟࠾࠸࡚኱ࡁࡃ◊✲㺃㛤Ⓨࡀ㐍ᒎࡋ࡚ࡁࡓ . 1985 ᖺ , ᙜ᫬ࡣ୙἞ࡢ
⑓࡛࠶ࡗࡓ HIV ឤᰁ⑕࡟ᑐࡋ࡚᭱ึࡢ NAs ࡛࠶ࡿ AZT (9) ࡀ‶ᒇࡽ࡟ࡼ
ࡗ࡚㛤Ⓨࡉࢀ ,  HIV ឤᰁ⑕ࡢணᚋࡣ๻ⓗ࡟ᨵၿࡋࡓ .[49] -[50]  ࡑࡢᚋ ,  AZT ࡢ
ᵓ㐀ⓗ≉ᚩ࠿ࡽከࡃࡢ NAs ࡀ㛤Ⓨࡉࢀ , HIV ࡢṚஸ⋡ࡣ㢧ⴭ࡟పୗࡋࡓ .  
HIV ἞⒪࡟㐺ᛂࡀ࠶ࡿ௦⾲ⓗ࡞ NAs ࢆ Fig.6 ࡟ࡲ࡜ࡵࡓ .  
 
᭱ึ࡟㛤Ⓨࡉࢀࡓ AZT ࡣࢳ࣑ࢪࣥࡢ 3 ′఩ࡢỈ㓟ᇶࢆ࢔ࢪࢻᇶ࡟⨨᥮ࡋ
ࡓ NAs ࡛࠶ࡿ . AZT ࡣ HIV ࡀ㏫㌿෗࡟ࡼࡗ࡚ DNA ࢆఙ㛗ࡍࡿ㝿 , TTP ࡜
➇ྜࡋ࡚㏫㌿෗㓝⣲࡟ྲྀࡾ㎸ࡲࢀ , HIV ࡢ DNA ࡟⤌ࡳ㎸ࡲࢀࡿ . ࡑࡋ࡚ ,  
ḟࡢఙ㛗࡟࠾࠸࡚ ,  3 ′఩ࡢỈ㓟ᇶࡀᏑᅾࡋ࡞࠸ࡓࡵ DNA ࡢఙ㛗ࡀ೵Ṇࡋ , 
㏫㌿෗ࡀ㜼ᐖࡉࢀࡿ .[51]  ࡇࡢ㜼ᐖᙧᘧࡣ AZT ௨㝆ࡢ NAs ࡟࠾࠸࡚ࡶ⏝࠸
ࡽࢀ࡚࠾ࡾ , ddI (10) ࡣ࢖ࣀࢩࣥࡢ 2 ′఩࡜ 3 ′఩ࡢỈ㓟ᇶࡀỈ⣲࡟⨨᥮ࡉࢀ
ࡓ NAs ࡛࠶ࡿ . ddI ࡣ⣽⬊ෆ࡟ྲྀࡾ㎸ࡲࢀࡓᚋ , ୕ࣜࣥ㓟໬య࡜࡞ࡾ , ࡉࡽ
࡟⣽⬊ෆࡢ㓝⣲࡟ࡼࡗ࡚ࣉࣜࣥ 6 ఩ࡀ࢔࣑ࣀᇶ࡟⨨᥮ࡉࢀ࡚ ddATP ࡜࡞
ࡿ . ddATPࡣ dATP ࡜➇ྜࡋ࡚㏫㌿෗㓝⣲࡟ྲྀࡾ㎸ࡲࢀ ,  AZT࡜ྠᵝ࡟ DNA
ࡢఙ㛗ࢆ೵Ṇࡋ࡚㏫㌿෗ࢆ㜼ᐖࡍࡿ .[5 2]  ࡲࡓ ,  ddC (11) ࡣࢹ࢜࢟ࢩࢩࢳࢪ
ࣥࡢ 3 ′఩ࡢỈ㓟ᇶࢆỈ⣲࡟⨨᥮ࡋࡓ NAs࡛࠶ࡾ , άᛶయࡣ dCTP ࡜➇ྜࡋ , 
DNA ࡢఙ㛗ࢆ೵Ṇࡍࡿ . ⥆࠸࡚౑⏝ࡀ㛤ጞࡉࢀࡓ 2 ′,3 ′-endo-olefin ᵓ㐀ࢆ
᭷ࡍࡿ d4T (12) ࡣ  TTP ࡜➇ྜࡋ ,  DNA ఙ㛗ࢆ೵Ṇࡍࡿ .  
ࡲࡓ , ඛ㏙ࡋࡓࡼ࠺࡟ HBV࡟ᑐࡋ࡚౑⏝ࡉࢀࡿ NAs࡛࠶ࡿ LAMࡸ ADV, 
TDF, TAF ࡶ 3 ′఩࡟┦ᙜࡍࡿ఩⨨ࡢỈ㓟ᇶࢆ᭷ࡋ࡚࠸࡞࠸ࡓࡵ ,  DNA ఙ㛗
ࢆᢚไࡋ , ㏫㌿෗㜼ᐖస⏝ࢆ♧ࡍ . ࡋ࠿ࡋ ,  ETV ࡣ 3 ′఩࡟┦ᙜࡍࡿ఩⨨ࡢ
Ỉ㓟ᇶࢆ᭷ࡋ࡚࠸ࡿ࡟ࡶ࠿࠿ࢃࡽࡎ㏫㌿෗㜼ᐖస⏝ࢆ᭷ࡋ࡚࠸ࡿ . ETV ࡣ
㏫㌿෗࡟ࡼࡗ࡚ HBV ࡢ DNA ෆ࡟ྲྀࡾ㎸ࡲࢀࡓᚋ , ᩘሷᇶఙ㛗ࡋ ,  DNA ࡢ
ఙ㛗ࡀ೵Ṇࡍࡿ . ࡇࡢࡇ࡜ࡣ ETV ࡟ࡼࡗ࡚ DNA ࡢ❧య㓄ᗙࡀኚ໬ࡋ , ㏫
㌿෗㓝⣲ࡀㄆ㆑࡛ࡁ࡞ࡃ࡞ࡿࡇ࡜࡟㉳ᅉࡍࡿ࡜⪃࠼ࡽࢀࡿ .[53] -[54] 
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ࡇࡢ ETV ࡢࡼ࠺࡟ 3 ′఩ࡢỈ㓟ᇶࢆ᭷ࡍࡿ࡟ࡶ㛵ࢃࡽࡎ㏫㌿෗㓝⣲ࢆ㜼
ᐖࡍࡿ NAs ࡜ࡋ࡚ , 4 ′-⨨᥮ NAs ࡀ▱ࡽࢀ࡚࠸ࡿ . 4 ′-⨨᥮ NAs ࡣ ,  ᙉ࠸ᢠ࢘
࢖ࣝࢫస⏝ࢆ♧ࡋ , ⸆๣⪏ᛶᰴ࡬ࡢຠᯝࢆ᭷ࡋ࡚࠸ࡿ໬ྜ≀ࡀᩘከࡃሗ࿌





4 ′-⨨᥮ NAsࡣ⢾ࡢ 4 ′఩࡟࢚ࢳࢽࣝᇶ ,  ࢔ࢪࢻᇶཬࡧࢩ࢔ࣀᇶ࡞࡝ࡢ⨨᥮
ᇶࢆᑟධࡋࡓࢾࢡࣞ࢜ࢩࢻ࡛࠶ࡿ . (Fig.7) ⌧ᅾ , Ḣ⡿࡛ᢠ HIV ⸆࡜ࡋ࡚౑
⏝ࡉࢀ࡚࠸ࡿ Censavudine (13) ࡣ 4 ′఩࡟࢚ࢳࢽࣝᇶࢆᣢࡘ 4 ′-⨨᥮ NAs ࡛
࠶ࡿ . ࡲࡓ , ⌧ᅾ Phase2 ࡢ⮫ᗋヨ㦂ࡀ⾜ࢃࢀ࡚࠸ࡿ Islatravir (14) ࡣ 4 ′఩
࡟࢚ࢳࢽࣝᇶࢆ᭷ࡍࡿࢾࢡࣞ࢜ࢩࢻ࡛࠶ࡾ , 3 ′఩࡟Ỉ㓟ᇶࢆᣢࡘ࡟ࡶ࠿࠿
ࢃࡽࡎ ,  ㏫㌿෗㓝⣲㜼ᐖస⏝ࢆ♧ࡍ . 4 ′-⨨᥮ NAs ◊✲ࡢṔྐࡣ 1956 ᖺ࡟
Streptomyces calvus ࠿ࡽ Nucleocidin (15) ࡀ༢㞳ࡉࢀࡓࡇ࡜࡟ጞࡲࡿ .[55] 
1971 ᖺ࡟ࡣ Moffatt ࡽ࡟ࡼࡗ࡚ 16 ࠿ࡽ 4 ′,5 ′-exo-olefin ᵓ㐀 17 ࢆ⤒⏤ࡋ ,  
௜ຍ཯ᛂ࡟࡚ 4 ′఩࡟ࣇࢵ⣲ࢆᑟධࡋ 18 ࡜ࡋࡓᚋ ,  ࡉࡽ࡟ᩘᕤ⛬ࢆ⤒࡚ 15




ࡑࡢᚋ , 1992 ᖺ࡟ࡣ , Maag ࡽ࡟ࡼࡗ࡚ 4 ′఩࡟࢔ࢪࢻᇶࢆᑟධࡋࡓ 4 ′-࢔ࢪ
ࢻ NAs (19-22) ࡀྜᡂࡉࢀ ,  ᢠ HIV άᛶࡀぢฟࡉࢀࡓ . (Table 2)[56]  
 
௨㝆 , ᵝࠎ࡞⨨᥮ᇶࢆᣢࡘ 4 ′-⨨᥮ NAsࡢྜᡂཬࡧ , ᢠ࢘࢖ࣝࢫάᛶࡢホ౯
ࡀ⾜ࢃࢀ , 4 ′఩࡟ࣇ࣓ࣝ࢜ࣟࢳࣝᇶࢆ᭷ࡍࡿ 23 ࡸࢺࣜ࢔ࢰ࣮ࣝᇶࢆ᭷ࡍࡿ
24, ࣓ࢺ࢟ࢩᇶࢆ᭷ࡍࡿ 25, ࢩ࢔ࣀᇶࢆ᭷ࡍࡿ 26,  27 ➼ࡀᢠ HIV స⏝ࢆᣢ
ࡘࡇ࡜ࡀሗ࿌ࡉࢀࡓ . (Fig.8)[56] -[61]  ࡇࢀࡽ 4 ′-⨨᥮ NAs ࡀ 3 ′఩࡟Ỉ㓟ᇶࢆ
ᣢࡘ࡟ࡶ࠿࠿ࢃࡽࡎ , ᢠ࢘࢖ࣝࢫάᛶࢆ♧ࡍᶵᗎࡣ ,  ⢾ࡢ❧య㓄ᗙࡢኚ໬






➨3㡯4′-⨨᥮ NAs ࡢ❧య㓄ᗙ  
 
ࢾࢡࣞ࢜ࢩࢻ࡟࠾ࡅࡿ⢾ࡢ❧య㓄ᗙࡣ C2 ′-endo/C3 ′-exo ᆺ  (South ᆺ ) ࡜
C2 ′-exo/C3 ′-endo ᆺ  (North ᆺ ) ࡀᏑᅾࡋ , ❧య㞀ᐖࡢ኱ࡁ࠸ሷᇶ㒊ࡀ࢚ࢡ
࢔ࢺࣜ࢔ࣝ఩࡜࡞ࡿ South ᆺࡀᏳᐃ࡜࡞ࡿ . ࡋ࠿ࡋ ,  4 ′఩࡟࢔ࢪࢻᇶࡸ࢚ࢳ
ࢽࣝᇶ ,  ࢩ࢔ࣀᇶࢆ᭷ࡋ࡚࠸ࡿᵓ㐀ࡢሙྜ , North ᆺࡀᏳᐃ࡜࡞ࡿ . (Fig.9) 
 
4 ′-⨨᥮ NAs ࡀ North ᆺ㓄ᗙࢆ࡜ࡿሙྜ , ሷᇶ㒊࡜ 4 ′఩ࡢ⨨᥮ᇶࡀ࡜ࡶ࡟
࢔࢟ࢩ࢔ࣝ఩ࢆ༨ࡵࡿࡓࡵ , ኱ࡁ࡞❧య཯Ⓨࡀ⏕ࡌ , ୙Ᏻᐃ࡜࡞ࡿ . ࡋ࠿
ࡋ࡞ࡀࡽ North ᆺࡀᏳᐃ࡜࡞ࡿࡢࡣ࢔ࣀ࣐࣮ຠᯝࡀ㛵୚ࡋ࡚࠸ࡿ .[62]  ࢔ࣀ
࣐࣮ຠᯝࡣ , ஬ဨ⎔ࢆᙧᡂࡍࡿ㓟⣲ࡢ㠀ඹ᭷㟁Ꮚᑐ࡜ 4 ′఩ࡢ㟁Ꮚồᘬᛶ⨨
᥮ᇶࡢ σ*⤖ྜ࡜ࡢ┦஫స⏝࡟ࡼࡗ࡚㠀ඹ᭷㟁Ꮚᑐࡀ㠀ᒁᅾ໬ࡋ , Ᏻᐃ໬ࡍ
ࡿࡇ࡜࡛⏕ࡌࡿ . (Fig.10) ࡋࡓࡀࡗ࡚ , 4 ′఩࡟❅⣲ཎᏊࡸ㓟⣲ཎᏊ , ࣁࣟࢤ
ࣥ࡞࡝ࡀ⤖ྜࡋ࡚࠸ࡿሙྜ , ࢔ࣀ࣐࣮ຠᯝ࡟ࡼࡗ࡚ North ᆺ㓄ᗙࡀᏳᐃ࡜




ࡋ࠿ࡋ ,  㟁Ꮚồᘬᛶᇶ࡛ࡣ࡞࠸࢚ࢳࢽࣝᇶ࡟࠾࠸࡚ࡣྠᵝࡢ࢔ࣀ࣐࣮ຠ
ᯝࡣᮇᚅ࡛ࡁ࡞࠸ . ࡟ࡶ࠿࠿ࢃࡽࡎ ,  4 ′఩࡟࢚ࢳࢽࣝᇶࢆ᭷ࡍࡿ Islatravir
ࡢሙྜࡶ North ᆺࡀᏳᐃ࡛࠶ࡿ࡜ Kirby ࡽ࡟ࡼࡗ࡚ሗ࿌ࡉࢀࡓ .[63]  ࡑࡢ⌮
⏤࡜ࡋ࡚ࡣ஬ဨ⎔ࢆᙧᡂࡍࡿ㓟⣲ཬࡧ , 3 ′఩ࡢ㓟⣲࡜࢚ࢳࢽࣝᇶࡢ π*㌶㐨
ࡢ┦஫స⏝࡟ࡼࡿࡶࡢࡔ࡜ㄝ᫂ࡉࢀ࡚࠸ࡿ .  (Fig.11) 
 
ࡇࡢࡼ࠺࡟ 4 ′-⨨᥮ NAs ࡣ❧య㓄ᗙࡀ㏻ᖖࡢࢾࢡࣞ࢜ࢩࢻ࡜␗࡞ࡿࡇ࡜࡛
DNA ࡢఙ㛗ࢆ೵Ṇࡋ , ࢘࢖ࣝࢫࡢ㏫㌿෗ࢆ㜼ᐖࡍࡿ࡜⪃࠼ࡽࢀࡿ .  
 
➨4㡯ᢠ HBV άᛶࢆ᭷ࡍࡿ 4′-⨨᥮ NAs 
 
๓㡯࡛㏙࡭ࡓࡼ࠺࡟ , 4 ′-⨨᥮ NAs ࡣᢠ HIV άᛶࢆ♧ࡋ ,  ⮫ᗋᒎ㛤ࡀ㐍ࢇ
࡛࠸ࡿࡶࡢࡀ࠶ࡿ .  ࡋࡓࡀࡗ࡚ , HIV ࡜ྠࡌࡃ㏫㌿෗㓝⣲ࢆ᭷ࡍࡿ HBV ࡟
ᑐࡋ࡚ࡶ 4 ′-⨨᥮ NAsࡢᢠ࢘࢖ࣝࢫάᛶࡀᮇᚅࡉࢀࡿ .  ࡑࡇ࡛ , ඹྠ◊✲ඛ
࡛࠶ࡿ‶ᒇᩍᤵࡢࢢ࣮ࣝࣉ࡟ࡼࡾ , ከᩘࡢ 4 ′-⨨᥮ NAs ࡢᢠ HBV άᛶࡀホ




ࣉࣜࣥࢾࢡࣞ࢜ࢩࢻࡢ 4 ′఩࡟ࢩ࢔ࣀᇶࢆᑟධࡋࡓ CdG (28) ࡸ CAdA (29) 
ࡣ㠀ᖖ࡟ᙉຊ࡞ᢠ HBV άᛶ  (EC50HBV WT = 0.0004 μM) ࢆᣢࡕ , ETV ⪏ᛶᰴ
࡟ᑐࡋ࡚ࡶᙉ࠸ᢠ HBV స⏝  (EC50HBV ETV-R = 0.04-0.07 μM) ࢆ⥔ᣢࡋ࡚࠸
ࡓ . ࡉࡽ࡟ὀ┠ࡍ࡭ࡁࡣ , ETV ࡢ 4 ′఩࡟ࢩ࢔ࣀᇶࢆᑟධࡋࡓ CMCdG (30) 
ࡀ ETV ࡛ࡣᢠ HBV άᛶࡀⴭࡋࡃపୗࡋࡓ⪏ᛶᰴ࡬ࡢάᛶࢆ᭷ࡋ࡚࠸ࡿ  
(ETV:EC50HBV ETV-R = 64.037 μM, CMCdG:EC50HBV ETV-R = 2.657 μM) ࡇ࡜࡛
࠶ࡿ . ࡋ࠿ࡋ࡞ࡀࡽ , ࡇࡢ⣔⤫ࡢ NAs ࡣ⣽⬊ẘᛶࢆ᭷ࡋ࡚࠸ࡿ  (CC50Hep G2 
= 2.6-89 μM) ࡇ࡜ࡀㄢ㢟࡜࡞ࡗ࡚࠸ࡿ .[64] [65]   
ࡇࡢࡼ࠺࡟ 4 ′-⨨᥮ NAs ࡣᙉຊ࡞ᢠ HBV άᛶࢆᣢࡕ , ⸆๣⪏ᛶᰴ࡟ᑐࡋ
࡚ࡶຠᯝࡀ࠶ࡿࡇ࡜ࡀ♧ࡉࢀࡓ .  ᢠ HBVάᛶࢆ♧ࡍ⌮⏤࡜ࡋ࡚ࡣ , ⢾ࡢ❧
య㓄ᗙࡀኚ໬ࡍࡿࡇ࡜࡟ຍ࠼ , HBV ㏫㌿෗㓝⣲࡜ CdG ୕ࣜࣥ㓟ࡀ⤖ྜࡍࡿ
㝿 , A87, F88, P177, L180, M204, D205 ࠿ࡽ࡞ࡿ␯Ỉ✵㛫࡟ࢩ࢔ࣀᇶࡀධࡾ
㎸ࡳ , ᙉࡃ⤖ྜࡍࡿࡓࡵ࡜⪃࠼ࡽࢀ࡚࠸ࡿ . [58] 
4 ′-⨨᥮ NAs ࡣ⌧ᅾ ,  ⮫ᗋ⌧ሙ࡛ HBV ឤᰁ⑕἞⒪⸆࡜ࡋ࡚⏝࠸ࡽࢀ࡚࠾
ࡽࡎ , ࠿ࡘ᪤Ꮡࡢ⸆≀࡜ࡣᵓ㐀࡜స⏝ᶵᗎࡀ␗࡞ࡿ . ࡑࡇ࡛ , ⪏ᛶᰴ࡟ᑐ
ࡋ࡚ࡶᙉຊ࡞ᢠ HBV άᛶࢆ♧ࡋ ,  ẘᛶࡢప࠸ NAs ࡢ㛤Ⓨࢆ┠ᣦࡋ࡚ , ᪂
つ 4 ′-⨨᥮ NAs ࢆྜᡂࡋ , ᵓ㐀άᛶ┦㛵◊✲ࢆ⾜࠺ࡇ࡜࡜ࡋࡓ .  
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ඛ㏙ࡋࡓࡼ࠺࡟ 4 ′-⨨᥮ࢾࢡࣞ࢜ࢩࢻ࡟ࡣᢠ HBV άᛶࢆ᭷ࡍࡿࡶࡢࡀᩘ
ከࡃሗ࿌ࡉࢀ࡚࠸ࡿ .  ᡃࠎࡢᡤᒓࡍࡿ◊✲ᐊ࡛ࡶ 4 ′-࢔ࢪࢻࣉࣜࣥࢾࢡࣞ
࢜ࢩࢻ࡛࠶ࡿ AdG (31) ࡸ AAdA (32) ࡀᙉຊ࡞ᢠ HBV άᛶࢆ᭷ࡋ࡚࠸ࡿ
ࡇ࡜  (EC50HBV = 0.006-0.009 μM) ࢆሗ࿌ࡋࡓ .[66] ࡋ࠿ࡋ࡞ࡀࡽ , AdG ࡸ
AAdA ࡣ⣽⬊ẘᛶࢆ᭷ࡋ࡚࠾ࡾ  (CC50 MT-4 = 4.6-4.9 μM), ẘᛶ㍍ῶࡢࡓࡵ
4 ′-࢔ࢪࢻࢾࢡࣞ࢜ࢩࢻࡢᵓ㐀᭱㐺໬ࡀᚲせ࡜⪃࠼ࡓ . (Fig.13) 
 
ࡑࡇ࡛ ,  ሷᇶᵓ㐀࡜ࡋ࡚ࣆ࣑ࣜࢪࣥ࡟╔┠ࡋࡓ . ⌧ᅾḢ⡿࡛ HBVឤᰁ⑕
἞⒪⸆࡜ࡋ࡚౑⏝ࡉࢀ࡚࠸ࡿ Telbivudine (33) ࡣሷᇶ㒊࡜ࡋ࡚ࢳ࣑ࣥࢆ᭷
ࡋ࡚࠸ࡿ .  ࡋ࠿ࡋ࡞ࡀࡽ ,  ሷᇶ㒊ࡀࢳ࣑ࣥࡢ 4 ′-࢔ࢪࢻࢳ࣑ࢪࣥ  (34) ࡟ࡘ
࠸࡚ᢠ HBVάᛶࡣᮍ☜ㄆ࡛࠶ࡗࡓ . ࡉࡽ࡟ , ሷᇶ㒊࡟ 5-࣓ࢳࣝࢩࢺࢩࣥᵓ
㐀ࢆ᭷ࡍࡿ FddMeC (35) ࡀᢠ HBV άᛶࢆ᭷ࡍࡿ  (EC50HBV = 0.54 μM) ࡇ
࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡓ . (Fig.14)[67]  
 
ࡲࡓ , ᢠ HBV άᛶࢆ᭷ࡋ࡚࠸ࡿ FNC (36) ࡟ࡘ࠸࡚ ,  N4࢔ࣝ࢟ࣝ໬ࡋࡓ





௨ୖࡢ▱ぢࢆࡩࡲ࠼ , ሷᇶ࡜ࡋ࡚ࢳ࣑ࣥࢆࡶࡘ 4 ′-࢔ࢪࢻࢳ࣑ࢪࣥ  (34) 
ཬࡧ ,  5-࣓ࢳࣝࢩࢺࢩࣥࢆࡶࡘ 4 ′-࢔ࢪࢻ -2 ′-ࢹ࢜࢟ࢩ -5-࣓ࢳࣝࢩࢳࢪࣥ  
(39) ࡀᢠ HBV άᛶࢆ᭷ࡋࡘࡘ , ప⣽⬊ẘᛶࡢᢠ HBV ⸆࣮ࣜࢻᵓ㐀࡟࡞ࡿ
࡜⪃࠼ࡓ . ࡲࡓ , N4/O4 ࡢ࢔ࣝ࢟ࣝ໬࡟ࡼࡗ࡚ ,  ẘᛶࡀࡉࡽ࡟పῶࡍࡿࡇ࡜
ࢆᮇᚅࡋ࡚ , NAs 40-44 ࢆタィࡋࡓ . ࡍ࡞ࢃࡕ ,  4 ′-࢔ࢪࢻ -5-࣓ࢳࣝ -4-⨨᥮ࣆ
࣑ࣜࢪࣥࢾࢡࣞ࢜ࢩࢻ  (34, 39-44) ࢆྜᡂࡋᢠ HBV άᛶཬࡧ⣽⬊ẘᛶࢆホ




➨2⠇4′-࢔ࢪࢻ -5-࣓ࢳࣝ -4-⨨᥮ࣆ࣑ࣜࢪࣥࢾࢡࣞ࢜ࢩࢻࡢྜᡂ  
 
34 ࡢྜᡂࡣ Maag ࡽࡢሗ࿌࡟๎ࡗ࡚⾜ࡗࡓ .  (Scheme 2)[56] 
 
ࢳ࣑ࢪࣥࢆฟⓎཎᩱ࡜ࡋ࡚ , ࢔ࢵ࣌ࣝ཯ᛂ࡟࡚㑅ᢥⓗ࡟ 5 ′఩ࡢỈ㓟ᇶࢆ
ࣚ࢘⣲࡟⨨᥮ࡋࡓ 45 ࢆྜᡂࡋ ,  E2 ⬺㞳࡟ࡼࡗ࡚ ,  4 ′,5 ′-exo-olefin య 46 ࢆྜ
ᡂࡋࡓ .  46 ࡟ᑐࡋ࡚࢔ࢪ໬ࣚ࢘⣲ࡢ఩⨨㺃❧య㑅ᢥⓗ௜ຍ཯ᛂ࡟ࡼࡾ 47 ࡟
ㄏᑟࡋࡓᚋ , 3 ′఩ࡢỈ㓟ᇶࢆ p-࣓ࢺ࢟ࢩ࣋ࣥࢰ࢖࡛ࣝಖㆤࡋ 48 ࡜ࡋࡓ . 48
ࢆ mCPBA࡟ࡼࡿ㉸ཎᏊ౯ࣚ࢘⣲ࡢᙧᡂ࡜ , p-࣓ࢺ࢟ࢩ࣋ࣥࢰ࢖ࣝࡢ࢝ࣝ࣎
ࢽࣝ㓟⣲࡟ࡼࡿศᏊෆồ᰾⨨᥮཯ᛂ࡟࡚⎔≧ᵓ㐀ࢆᙧᡂࡉࡏ ,  ⥆ࡃ 3-ࢡࣟ
ࣟᏳᜥ㤶㓟࢔ࢽ࢜ࣥࡢồ᰾⨨᥮཯ᛂ࡟ࡼࡾ 49 ࢆྜᡂࡋࡓ . ࡑࡢᚋ ,  49 ࢆ
7M ࢔ࣥࣔࢽ࢔ᛶ࣓ࢱࣀ࣮࡛ࣝ⬺ಖㆤࡍࡿࡇ࡜࡛┠ⓗ≀࡛࠶ࡗࡓ 34 ࢆᚓࡓ .   
ࡉࡽ࡟ ,  ࣆ࣑ࣜࢪࣥ 4 ఩ࡢ⨨᥮ࢆ⾜࠺ࡓࡵ , 49 ࡢࣆ࣑ࣜࢪࣥ  4 ఩ࢆάᛶ




㘽୰㛫య 50 ࡢࣆ࣑ࣜࢪࣥ 4 ఩ࢆ DABCO ࡛άᛶ໬ࡋ , ᑐᛂࡍࡿ࢔ࣝࢥ࣮
ࣝ࡟ࡼࡿ SNAr ཯ᛂࢆ⾜࠸ ,  ⬺ಖㆤࡍࡿࡇ࡜࡛ 40-41 ࢆྜᡂࡋࡓ .  (Scheme 
4) 
 
ࡲࡓ , 㘽୰㛫య 50 ࢆᑐᛂࡍࡿ࢔࣑࡛ࣥฎ⌮ࡍࡿࡇ࡜࡛ ,  SNAr ཯ᛂ࡟࡚
39, 42-43 ࢆྜᡂࡋࡓ . ୍᪉ , 㘽୰㛫య 50 ࡢࣆ࣑ࣜࢪࣥ 4 ఩ࢆ DABCO ࡛ά
ᛶ໬ࡋ ,  ࢩࢡࣟࣉࣟࣆࣝ࢔࣑࡛ࣥฎ⌮ࡍࡿࡇ࡜࡛ SNAr ཯ᛂ࡟࡚໬ྜ≀ 44




ḟ⠇࡟࡚ᢠ HBV άᛶホ౯⤖ᯝࢆグ㍕ࡍࡿ .   
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➨3⠇4′-࢔ࢪࢻ -5-࣓ࢳࣝ -4-⨨᥮ࣆ࣑ࣜࢪࣥࢾࢡࣞ࢜ࢩࢻࡢᢠ HBV άᛶ  
 
ᢠ HBV άᛶཬࡧ⣽⬊ẘᛶホ౯ࡣ , ඹྠ◊✲ඛ࡛࠶ࡿᅜ❧ᅜ㝿་⒪ࢭࣥ
ࢱ࣮ࡢ‶ᒇᩍᤵࡢࢢ࣮ࣝࣉ࡟౫㢗ࡋࡓ .  
ྛ໬ྜ≀ࡢᢠ HBV άᛶࡢホ౯ࡣ real-time PCR ἲࢆ⏝࠸ࡓ . ࢥ࣮ࣛࢤࣥ
ࢥ࣮ࢺࡉࢀࡓ 96 well plate ࡟ , HepG2 2.2.15 ⣽⬊ࢆ 1 well ࠶ࡓࡾ 4103ಶ
ࡎࡘ᧛ࡁ , ᵝࠎ࡞⃰ᗘ࡟ᕼ㔘ࡋࡓྛ໬ྜ≀ࢆ 200 μL ຍ࠼ࡓ . ࡲࡓ , ࢥࣥࢺ
࣮ࣟࣝ࡜ࡋ࡚໬ྜ≀⁐ᾮࢆຍ࠼࡞࠸ well ࢆసᡂࡋࡓ . HepG2 2.2.15 ⣽⬊ࡣ
HBV ࢆᣢ⥆⏘⏕ࡍࡿ⣽⬊ᰴ࡛࠶ࡾ , in vitro ࡢᢠ HBV άᛶࢆホ౯ࡍࡿ㝿࡟
ỗ⏝ࡉࢀ࡚࠸ࡿ . ࡇࡢ well plate ࢆ 37Υࡢ CO2 ࢖࣮ࣥ࢟ࣗ࣋ࢱ࣮࡛ 14 ᪥
㛫ᇵ㣴ࡋࡓ . ࡑࡢ㝿 , 3 ᪥┠࡜ 7 ᪥┠࡟ᇵ㣴ୖΎࢆ㝖ཤࡋ ,  ෌ࡧྛ⃰ᗘ࡟ㄪ
ᩚࡋࡓྛ໬ྜ≀ࢆྵࡴᾮయᇵᆅ࡜஺᥮ࡋࡓ . ᇵ㣴ᚋ , ᾮయᇵᆅୖΎࢆᅇ཰
ࡋ , HBV DNA ࢆᢳฟࡋࡓ .  ࡑࡢᚋ , ᐃ㔞ⓗ PCR ࡟ࡼࡗ࡚ྛ well ࡟࠾ࡅࡿ
HBV DNA 㔞ࢆ ᐃࡋ , ࢥࣥࢺ࣮ࣟࣝࡢ DNA 㔞࡜ẚ㍑ࡋ࡚ EC50HBV್ࢆ⟬
ฟࡋࡓ .  
୍᪉ , ⣽⬊ẘᛶࡣ 96 well plate ࡟ MT-2 ⣽⬊ࢆ 1 well ࠶ࡓࡾ 2103ಶࡎ
ࡘ᧛ࡁ ,ྛ well ࡟ᵝࠎ࡞⃰ᗘ࡟ᕼ㔘ࡋࡓྛ໬ྜ≀ 200 μL ࢆຍ࠼ࡓ≧ែ࡛ᇵ
㣴ࡋࡓ .  ࡑࡢᚋ , Cell Counting Kit -8 ࢆ⏝࠸࡚ CC50್ࢆ⟬ฟࡋࡓ  
ྜᡂࡋࡓ 34,  39-44 ཬࡧ࣏ࢪࢸ࢕ࣈࢥࣥࢺ࣮࡛ࣟࣝ࠶ࡿ ETVࡢᢠ HBV ά
ᛶ࡜⣽⬊ẘᛶࡢホ౯⤖ᯝࢆ Table 3 ࡟ࡲ࡜ࡵࡓ .  
 
᭱ࡶ㧗࠸ᢠ HBV άᛶࢆ♧ࡋࡓ໬ྜ≀ࡣ 34 ࡛࠶ࡾ ,  EC50HBV = 0.63s0.29 
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μM ࡛࠶ࡗࡓ . ࡲࡓ , 39 ࡟ࡶ୰⛬ᗘࡢᢠ HBV άᛶࡀ☜ㄆࡉࢀ ,  EC50HBV = 
5.99s5.54 μM ࡛࠶ࡗࡓ . ࡇࢀࡽ 34 ཬࡧ 39 ࡟ࡣ⣽⬊ẘᛶࡣ☜ㄆࡉࢀ࡞࠿
ࡗࡓ  (CC50MT-2 > 100 μM).  
୍᪉ , N4/O4 ࢔ࣝ࢟ࣝయ 40-44 ࡟ࡣ⣽⬊ẘᛶࡣ☜ㄆࡉࢀ࡞࠿ࡗࡓࡶࡢࡢ , 
ᢠ HBV άᛶࡶ☜ㄆࡉࢀ࡞࠿ࡗࡓ .  




ᮏ❶࡛ࡣ , ᢠ HBV άᛶࢆᣢࡘ᪂つ NAs ࡜ࡋ࡚ 4 ′-࢔ࢪࢻ -5-࣓ࢳࣝ -4-⨨
᥮ࣆ࣑ࣜࢪࣥࢾࢡࣞ࢜ࢩࢻࢆタィࡋ ,  ࡑࡢྜᡂࢆ㐩ᡂࡋࡓ .  
4 ′-࢔ࢪࢻࢳ࣑ࢪࣥࡢྜᡂࢆ 6 ᕤ⛬ , ㏻⟬཰⋡ 22.0%࡛㐩ᡂࡋࡓ . ࡲࡓ , 4 ′-
࢔ࢪࢻ -5-࣓ࢳࣝ -4-⨨᥮ࣆ࣑ࣜࢪࣥࢾࢡࣞ࢜ࢩࢻࡢྜᡂ࡛㔜せ࡞㘽୰㛫య
50 ࡢྜᡂࢆ 6 ᕤ⛬ ,  ㏻⟬཰⋡ 17.3%࡛㐩ᡂࡋࡓ . ࡑࡢᚋ ,  SNAr ཯ᛂ࡟ࡼࡿ
ሷᇶ㒊 4 ఩ࡢ⨨᥮࡟ᡂຌࡋ , ཰⋡ࡣ 21.0-82.1%࡛࠶ࡗࡓ .  
ᮏ❶࡛タィࡋࡓ໬ྜ≀࡛᭱ࡶ㧗࠸ᢠ HBV άᛶࢆ᭷ࡋ࡚࠸ࡓࡢࡣ 34 ࡛࠶
ࡾ  (EC50HBV = 0.63s0.29 μM), 39 ࡶᢠ HBV άᛶࢆ᭷ࡋ࡚࠸ࡓ  (EC50HBV = 
5.99s 5.54 μM). ࡲࡓ ,  34 ཬࡧ 39 ࡟ࡣ⣽⬊ẘᛶࡣ☜ㄆࡉࢀ࡞࠿ࡗࡓ  
(CC50MT-4 > 100 μM) ࡇ࡜࠿ࡽ 34 ཬࡧ 39 ࡣ᭷ᮃ࡞࣮ࣜࢻ໬ྜ≀࡛࠶ࡿ࡜⪃
࠼ࡽࢀࡿ . ࡉࡽ࡟⯆࿡῝࠸ࡇ࡜࡟ , 4 ′-࢔ࢪࢻࢹ࢜࢟ࢩࢩࢳࢪࣥࡣ㧗࠸ẘᛶ
ࡀ☜ㄆࡉࢀ࡚࠸ࡓ  (CC25MT-2 = 0.21 μM)[56] ࡀ , ሷᇶࡀ 5-࣓ࢳࣝࢩࢺࢩ࡛ࣥ
࠶ࡿ 39 ࡢሙྜ , ᢠ HBV άᛶࢆ⥔ᣢࡋࡘࡘẘᛶࡀపῶࡋࡓ .  ࡋࡓࡀࡗ࡚ , 
ࣆ࣑ࣜࢪࣥ 5 ఩࡟࣓ࢳࣝᇶࢆ᭷ࡍࡿࡇ࡜࡛ẘᛶపῶ࡟ࡘ࡞ࡀࡿࡇ࡜ࡀ♧၀
ࡉࢀࡓ .  ࡲࡓ ,  FNC ࡣ N4 ࢔ࣝ࢟ࣝ໬ࡍࡿࡇ࡜࡛⣽⬊ẘᛶࢆపῶࡋࡘࡘ ,  ᢠ
HBVάᛶࢆ⥔ᣢࡋ࡚࠸ࡓࡀ , 40-44࡟ࡘ࠸࡚ࡣᢠ HBV άᛶࢆ࿊ࡉ࡞࠿ࡗࡓ .  
ࡇࡢࡇ࡜࠿ࡽ ,  ࣆ࣑ࣜࢪࣥ 5 ఩࡟࣓ࢳࣝᇶࢆ᭷ࡋ , ࡉࡽ࡟ N4/O4 ࢆ࢔ࣝ࢟
ࣝ໬ࡋࡓሙྜ , ㏫㌿෗㓝⣲ࡢᇶ㉁࡜࡞ࡽࡎᢠ HBV άᛶࡣⴭࡋࡃపୗࡍࡿ
ࡇ࡜ࡀ♧၀ࡉࢀࡓ .  ௨ୖࡢࡇ࡜࠿ࡽ , ᢠ HBV άᛶࢆ᭷ࡍࡿ 4 ′-⨨᥮ NAs ࡟
࠾࠸࡚ ,  ሷᇶ㦵᱁࡜ࡋ࡚ࢳ࣑ࣥཬࡧ 5-࣓ࢳࣝࢩࢺࢩࣥࡀ᭷ᮃ࡛࠶ࡿ࡜⪃࠼
ࡽࢀࡿ .  
ࡇࡢࡇ࡜ࡣ௒ᚋ , ᢠ HBV άᛶࢆ᭷ࡍࡿ᪂つ 4 ′-⨨᥮ NAs ࢆタィࡋ࡚࠸ࡃ







DNA ࡢᇶᮏ༢఩࡛࠶ࡿࢾࢡࣞ࢜ࢳࢻࡣࣜࣥ㓟 , ⢾ ,  ሷᇶࡀ⤖ྜࡋࡓᵓ㐀
࡛࠶ࡾ ,  ࣜࣥ㓟㒊ࢆ㝖࠸ࡓᵓ㐀ࢆࢾࢡࣞ࢜ࢩࢻ࡜࿧ࡪ . (Fig.17)  
 
ࡋ࠿ࡋ ,  ࢾࢡࣞ࢜ࢩࢻࡣ㓟ᛶ᮲௳࡛⢾࡜ሷᇶ࡟ຍỈศゎࡉࢀࡿࡇ࡜ࡀሗ࿌
ࡉࢀ࡚࠸ࡿ .  ≉࡟ ,  ࣉࣜࣥሷᇶࡢሙྜ ,  ሷᇶ㒊 7 ఩ࡀࣉࣟࢺࣥ໬ࡉࢀ ,  O4
ࡢ㠀ඹ᭷㟁Ꮚᑐࡢᢲࡋ㎸ࡳ࡟ࡼࡗ࡚ሷᇶࡢ⬺㞳ࡀ⏕ࡌࡿ . (Scheme 6)[70] -[73]   
 
ࡇࡢຍỈศゎࢆᅇ㑊ࡍࡿࡓࡵ ,  ㏻ᖖࡢࢾࢡࣞ࢜ࢩࢻ࡜␗࡞ࡾ , ሷᇶࡀ⢾ࡢ
2 ′఩࡟⤖ྜࡋࡓࢾࢡࣞ࢜ࢩࢻ  (51) ࡀྜᡂࡉࢀ ,  㓟ᛶ᮲௳࡛Ᏻᐃ࡛࠶ࡿࡇ
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࡜ࡀሗ࿌ࡉࢀࡓ .[74] -[76]  ࡇࡢ໬ྜ≀⩌ࢆ࢖ࢯࢾࢡࣞ࢜ࢩࢻ࡜࿧ࡪ .  (Fig.18) 
 
ࡉࡽ࡟ ,  3 ′఩࡟Ỉ㓟ᇶࢆᣢࡓ࡞࠸ isoddA (52) ࡣᢠ HIV άᛶ  (EC50HIV = 21 
μM) ࡀሗ࿌ࡉࢀ , 5 ′఩ࡢỈ㓟ᇶࢆࣜࣥ㓟࢔࣑ࢲ࢖ࢺ໬ࡋࡓ isoddA (53) ࡣᢠ
HIV άᛶࡀ኱ᖜ࡟ྥୖ  (EC50HIV = 0.06 μM) ࡍࡿࡇ࡜ࡀሗ࿌ࡉࢀࡓ . 
(Fig.19)[77] ࡇࡢࡇ࡜ࡣ isoddA ࡀ⣽⬊ෆࡢ࢟ࢼ࣮ࢮ࡟ࡼࡿࣜࣥ㓟໬ࢆ࠺ࡅ
࡟ࡃ࠸ࡇ࡜ࢆ♧၀ࡋ࡚࠸ࡿ .[78]  
 
ࡲࡓ , Jeong ࡽࡣ ETV ࡢ᭷ࡍࡿ࢚࢟ࢯ࢜ࣞࣇ࢕ࣥᵓ㐀࠿ࡽ╔᝿ࡋ , ࢖ࢯࢾ
ࢡࣞ࢜ࢩࢻࡢ 3 ′఩࡟࢚࢟ࢯ࣓ࢳࣞࣥࢆᑟධࡋࡓ 54ࡀᢠ HBV άᛶ  (EC50HBV 
= 1.5 μM) ࢆ᭷ࡍࡿࡇ࡜ࢆሗ࿌ࡋࡓ . (Fig.20)[79] -[81]   
 
୍᪉ , ๓㏙ࡋࡓࡼ࠺࡟ 4 ′-⨨᥮ NAs ࡣ㧗࠸ᢠ࢘࢖ࣝࢫάᛶࢆ᭷ࡋ࡚࠸ࡿ
ࡶࡢࡀᩘከࡃሗ࿌ࡉࢀ࡚࠸ࡿ .  ࡋ࠿ࡋ࡞ࡀࡽ , ࢖ࢯࢾࢡࣞ࢜ࢩࢻࡢ 4 ′఩࡟
⨨᥮ᇶࢆᑟධࡋࡓ໬ྜ≀ࡢሗ࿌ࡣᑡ࡞ࡃ , ࣄࢻࣟ࢟ࢩ࣓ࢳࣝᇶࢆᑟධࡋࡓ





௨ୖࢆࡩࡲ࠼ ,  ࢖ࢯࢾࢡࣞ࢜ࢩࢻࡢࡉࡽ࡞ࡿᢠ࢘࢖ࣝࢫάᛶࡢྥୖࢆᮇ
ᚅࡋ࡚ ,  ࢖ࢯࢾࢡࣞ࢜ࢩࢻࡢ 4 ′఩࡟⨨᥮ᇶࢆ᭷ࡍࡿ NAs ࢆタィࡋࡓ . 4 ′఩
ࡢ⨨᥮ᇶ࡜ࡋ࡚ CAdA (29) ࡸ CMCdG (30) ࡀ᭷ࡍࡿࢩ࢔ࣀᇶཬࡧ , 
Islatravir (14) ࡀ᭷ࡍࡿ࢚ࢳࢽࣝᇶࢆ㑅ᢥࡋࡓ . (Fig.22)  
 
ࡍ࡞ࢃࡕ ,  CMCdG ࡢࡼ࠺࡟࢚࢟ࢯ࣓ࢳࣞࣥࢆ᭷ࡋࡘࡘ ,  ࢖ࢯࢾࢡࣞ࢜ࢩ
ࢻࡢ 4 ′఩࡟࢚ࢳࢽࣝᇶࡲࡓࡣࢩ࢔ࣀᇶࢆᑟධࡋࡓ 57-58 ࢆタィࡋࡓ . ࡲࡓ ,  
isoddA ࡢ 4 ′఩࡟ࢩ࢔ࣀᇶࢆᑟධࡋࡓ 59 ཬࡧ CAdA ࡢࡼ࠺࡟ሷᇶ㒊ࢆࢪ࢔
࣑ࣀࣉࣜࣥ࡜ࡋࡓ 60 ࢆタィࡋࡓ . ࡉࡽ࡟ , ᢠ࢘࢖ࣝࢫάᛶࡢྥୖࢆᮇᚅࡋ
࡚ 59 ࡢࣜࣥ㓟࢔࣑ࢲ࢖ࢺࣉࣟࢻࣛࢵࢢ 61 ࢆタィࡋࡓ .  (Fig.23)  
 
ࡇࢀࡽ 57-61 ࢆྜᡂࡋ , ࡑࡢᢠ HBV άᛶཬࡧᢠ HIV άᛶ ,  ࡑࡋ࡚⣽⬊ẘ













ཬࡧࢩ࢔ࣀᇶ࡟ㄏᑟ࡛ࡁࡿ࡜⪃࠼ , ࡇࡢࡼ࠺࡞ࣄࢻࣟ࢟ࢩ࣓ࢳࣝయࡣ L-࢟
ࢩ࣮ࣟࢫ࠿ࡽྜᡂ࡛ࡁࡿ࡜⪃࠼ࡓ .  
 
➨2㡯4′-࢚ࢳࢽࣝ -3′-࢚࢟ࢯ࣓ࢳࣞࣥ࢖ࢯࢪࢹ࢜࢟ࢩࢢ࢔ࣀࢩࣥࡢྜᡂ  
 
L-࢟ࢩ࣮ࣟࢫࢆฟⓎཎᩱ࡜ࡋ࡚ ,  ࢔ࢭࢺࣥ࡜⃰◲㓟࡟ࡼࡿ 1,2-࢖ࢯࣉࣟ
ࣆࣜࢹࣥಖㆤࢆ⾜ࡗࡓ 61 ࢆྜᡂࡋࡓ . [84] ࡑࡢᚋ , 5 ఩ࡢ 1 ⣭Ỉ㓟ᇶࢆ㑅ᢥ
ⓗ࡟ࢪ࣓ࢺ࢟ࢩࢺࣜࢳࣝ࡟࡚ಖㆤࡋࡓᚋ , 3 ఩ࡢỈ㓟ᇶࢆ p-࣓ࢺ࢟ࢩ࣋ࣥ
ࢪࣝಖㆤࡋ , 㓟ᛶ᮲௳࡟࡚ 5 ఩ࡢࢪ࣓ࢺ࢟ࢩࢺࣜࢳࣝࢆ⬺ಖㆤࡍࡿࡇ࡜࡛ , 
62 ࡬ㄏᑟࡋࡓ .  62 ࡢ 1 ⣭Ỉ㓟ᇶࢆ Moffatt 㓟໬࡟ࡼࡗ࡚࢔ࣝࢹࣄࢻ࡜ࡋࡓ
ᚋ , Aldol-Cannizzaro ཯ᛂ࡟࡚ 4-C-ࣄࢻࣟ࢟ࢩ࣓ࢳࣞࣥయ 63 ࢆྜᡂࡋࡓ .  
ࡑࡢᚋ , 2,3-ࢪࢡࣟࣟ -5,6-ࢪࢩ࢔ࣀ -p-࣋ࣥࢰ࢟ࣀࣥ  (DDQ) ࡛ฎ⌮ࡍࡿࡇ
࡜࡛ , ❧య㑅ᢥⓗ࡞ศᏊෆ⎔໬཯ᛂ࡟ࡼࡗ࡚ p-࣓ࢺ࢟ࢩ࣋ࣥࢪࣜࢹࣥయ 64




64 ࡣ༢⤖ᬗࡀᚓࡽࢀࡓࡓࡵ X ⥺⤖ᬗᵓ㐀ゎᯒ࡟࡚❧యᵓ㐀ࢆ☜ㄆࡋࡓ .  
(Fig.24) 
 
64 ࡢỈ㓟ᇶࢆࢽࢺࣟ࢟ࢩࣛࢪ࢝ࣝ㓟໬࡟ࡼࡗ࡚࢔ࣝࢹࣄࢻ࡜ࡋࡓᚋ , 
Corey-Fuchs ࢔ࣝ࢟ࣥྜᡂ࡟࡚࢔ࣝࢹࣄࢻࢆ࢚ࢳࢽࣝᇶ࡟ኚ᥮ࡋࡘࡘ ,  ࢚
ࢳࢽࣝᇶࡢඛ➃ࢆࢺࣜ࢖ࢯࣉࣟࣆࣝࢩ࡛ࣜࣝಖㆤࡋࡓ 65ࢆྜᡂࡋࡓ . 65ࢆ
㓟ᛶ᮲௳࡟࡚㑅ᢥⓗ࡟ p-࣓ࢺ࢟ࢩ࣋ࣥࢪࣜࢹࣥࢆ⬺ಖㆤࡋ , 66 ࡬࡜ㄏᑟࡋ
ࡓᚋ , 5 ఩ࡢ 1 ⣭Ỉ㓟ᇶࢆ㑅ᢥⓗ࡟ TBDPS ࡛ಖㆤࡋࡓ 67 ࢆྜᡂࡋࡓ . 67 ࢆ
ࢽࢺࣟ࢟ࢩࣛࢪ࢝ࣝ㓟໬ࡍࡿࡇ࡜࡛ 3 ఩ࡢỈ㓟ᇶࢆࢣࢺࣥ࡜ࡋࡓᚋ࡟
Wittig ཯ᛂ࡟࡚ 3-࢚࢟ࢯ࣓ࢳࣞࣥయ 68 ࢆྜᡂࡋࡓ . ࡑࡢᚋ , ୕ࣇࢵ໬࣍࢘
⣲Ꮡᅾୗ , ⬺㓟⣲ࢆక࠺㑏ඖⓗ࢖ࢯࣉࣟࣆࣜࢹࣥࡢ⬺ಖㆤࢆ⾜࠸ , 69 ࢆྜ
ᡂࡋࡓ .  69 ࡟ᑐࡋ࡚ 2 ఩ཬࡧ 6 ఩ࢆಖㆤࡋࡓࢢ࢔ࢽࣥࢆගᘏ཯ᛂ࡟࡚ᑟධ
ࡋ ,  70 ࡜ࡋࡓᚋ , ඲࡚ࡢಖㆤᇶࡢ⬺ಖㆤࢆ⾜࠸ ,  4 ′-࢚ࢳࢽࣝ -3 ′-࢚࢟ࢯ࣓ࢳ
ࣞࣥ࢖ࢯࢪࢹ࢜࢟ࢩࢢ࢔ࣀࢩࣥ  (57) ࡢྜᡂࢆ㐩ᡂࡋࡓ .  57 ࡢ❧యᵓ㐀ࡣ
29 
 







4 ′-ࢩ࢔ࣀ࢖ࢯࢪࢹ࢜࢟ࢩ࢔ࢹࣀࢩࣥ  (58) ࡣ 64 ࠿ࡽㄏᑟ࡛ࡁࡿ࡜⪃࠼
ࡓ . (Scheme 10) 
 
64ࡢỈ㓟ᇶࢆࢽࢺࣟ࢟ࢩࣛࢪ࢝ࣝ㓟໬࡟ࡼࡗ࡚࢔ࣝࢹࣄࢻ࡜ࡋࡓᚋ ,  ࣄ
ࢻࣟ࢟ࢩࣝ࢔࣑࡛ࣥฎ⌮ࡋ࡚࢔ࣝࢻ࢟ࢩ࣒య࡜ࡋࡓ . ࡑࡢᚋ , ࢝ࣝ࣎ࢽࣝ
ࢪ࢖࣑ࢲࢰ࣮࡛ࣝ⬺Ỉࡍࡿࡇ࡜࡛ࢩ࢔ࣀయ 71ࢆྜᡂࡋࡓ . ࡑࡢᚋ , ๓㡯࡜
ྠᵝ࡟ p-࣓ࢺ࢟ࢩ࣋ࣥࢪࣜࢹࣥࡢ⬺ಖㆤࢆ⾜࠸ , ࡉࡽ࡟ 1 ⣭Ỉ㓟ᇶࢆ㑅ᢥ
ⓗ࡟ TBDPS ࡛ಖㆤࡋࡓ 73 ࢆྜᡂࡋࡓ .  73 ࢆ Barton-McCombie ⬺㓟⣲໬ࡢ
ࡼࡾ 74 ࡜ࡋࡓᚋ , ୕ࣇࢵ໬࣍࢘⣲Ꮡᅾୗ , ⬺㓟⣲ࢆక࠺㑏ඖⓗ࢖ࢯࣉࣟࣆ
ࣜࢹࣥ⬺㞳ࢆ⾜࠸ 75 ࡢྜᡂࢆヨࡳࡓ .  ࡋ࠿ࡋ࡞ࡀࡽ ,  ┠ⓗ≀ࢆᚓࡿࡇ࡜ࡣ
࡛ࡁࡎ , ࢩ࢔ࣀᇶࡀ⬺㞳ࡋࡓ」㞧࡞๪⏕ᡂ≀ࡀ」ᩘ⏕ࡌࡓ .  ࡇࡢࡇ࡜࠿ࡽ , 
ࢩ࢔ࣀᇶᏑᅾୗ , ࣝ࢖ࢫ㓟ࢆ౑⏝ࡍࡿࡇ࡜ࡣ࡛ࡁ࡞࠸ࡇ࡜ࡀ♧၀ࡉࢀ ,  ィ
⏬ࡋࡓྜᡂ⤒㊰ࡣ୙㐺ษ࡛࠶ࡿ࡜⪃࠼ࡓ .  
ࡑࡢࡓࡵ , 64 ࡢ 1 ⣭Ỉ㓟ᇶࢆ୍᪦ಖㆤࡋ , ሷᇶ㒊ࢆᑟධࡋࡓᚋ࡟⬺ಖㆤ
ࢆ⾜࠸ ,  ࢩ࢔ࣀᇶ࡬࡜ኚ᥮ࡍࡿࡇ࡜࡜ࡋࡓ . ㏫ྜᡂゎᯒࢆ Scheme 11 ࡟♧




1 ⣭Ỉ㓟ᇶࡢಖㆤᇶ࡜ࡋ࡚ ,  ࡲࡎࡣ Nap (2-ࢼࣇࢳ࣓ࣝࢳࣝ ) ࢆ㑅ᢥࡋࡓ . 
(Scheme 12) 
 
64 ࢆ Nap ࡟࡚ಖㆤࡋ 76 ࡜ࡋࡓᚋ࡟ , p-࣓ࢺ࢟ࢩ࣋ࣥࢪࣜࢹࣥࡢ⬺ಖㆤ
ࢆ⾜࠸ ,  ࡉࡽ࡟ 1 ⣭Ỉ㓟ᇶࢆ㑅ᢥⓗ࡟ TBS ࡛ಖㆤࡋࡓ 78 ࢆྜᡂࡋࡓ . ࡑ
ࡢᚋ ,  Barton-McCombie ⬺㓟⣲໬ࢆ⾜ࡗࡓ࡜ࡇࢁ ,  ከࡃࡢ๪⏕ᡂ≀ࡀ⏕ࡌ , 
཰⋡ࡀపࡃ ,  ࠿ࡘศ㞳ᅔ㞴࡞๪⏕ᡂ≀ࡀ☜ㄆࡉࢀࡓ .  ࡇࡢࡼ࠺࡞๪⏕ᡂ≀
ࡣ Nap ಖㆤ࡟ࡼࡾ⏕ࡌ࡚࠸ࡿ࡜⪃࠼ࡓ . Barton-McCombie ⬺㓟⣲໬ࡣࣛࢪ




ࡓ .  
ࡋࡓࡀࡗ࡚ , ಖㆤᇶࡢኚ᭦ࡀᚲせ࡛࠶ࡿ࡜⪃࠼ , ᪂ࡓ࡞ಖㆤᇶ࡜ࡋ࡚ Bz 
(࣋ࣥࢰ࢖ࣝ ) ࢆ㑅ᢥࡋࡓ .  (Scheme 13) 
 
64 ࢆ Bz ࡛ಖㆤࡋ , 80 ࡜ࡋࡓ .  ࡑࡢᚋ , p-࣓ࢺ࢟ࢩ࣋ࣥࢪࣜࢹࣥࡢ⬺ಖㆤ ,  
TBDPS ࡟ࡼࡿ㑅ᢥⓗ 1 ⣭Ỉ㓟ᇶࡢಖㆤࢆ⾜࠸ , 82 ࡜ࡋࡓ . ࡉࡽ࡟ Barton-
McCombie ⬺㓟⣲໬࡟ࡼࡾ ,  ࢹ࢜࢟ࢩయ 83 ࡟ㄏᑟࡋࡓ .  ࡉࡽ࡟ ,  ୕ࣇࢵ໬
࣍࢘⣲Ꮡᅾୗ , 㑏ඖⓗ࢖ࢯࣉࣟࣆࣜࢹࣥࡢ⬺ಖㆤࢆ⾜࠸ , 84 ࡜ࡋࡓᚋ ,  ග
ᘏ཯ᛂ࡟࡚ N6ࢆ Boc ಖㆤࡋࡓ࢔ࢹࢽࣥࢆᑟධࡋ , 85 ࢆྜᡂࡋࡓ . 85 ࢆሷᇶ
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ᛶ᮲௳࡛ Bz ࡢ⬺ಖㆤࢆ⾜ࡗࡓ࡜ࡇࢁ ,  ሷᇶ㒊ࡢ Boc ࡀ 1 ࡘ⬺㞳ࡋࡓ N6ࣔ
ࣀ Boc-4 ′-C-ࣄࢻࣟ࢟ࢩ࣓ࢳࣝయ 86 ࡜ࡋࡓ . 86 ࢆࢹࢫ࣐࣮ࢳࣥ㓟໬ࡋࡓᚋ , 
ࣄࢻࣟ࢟ࢩࣝ࢔࣑࡛ࣥฎ⌮ࡋ࡚࢔ࣝࢻ࢟ࢩ࣒య࡜ࡋ , ࢝ࣝ࣎ࢽࣝࢪ࢖࣑ࢲ
ࢰ࣮࡛ࣝ⬺Ỉࡍࡿࡇ࡜࡛ࢩ࢔ࣀయ 87 ࡬࡜ㄏᑟࡋࡓ .  ࡑࡢᚋ , 87 ࡢಖㆤᇶࢆ
ࡍ࡭࡚⬺ಖㆤࡍࡿࡇ࡜࡛ 4 ′-ࢩ࢔ࣀ࢖ࢯࢪࢹ࢜࢟ࢩ࢔ࢹࣀࢩࣥ  (58) ࢆᚓࡓ . 
85 ཬࡧ 58 ࡢ❧యᵓ㐀ࡣ NOESY ࡟࡚ࣉࣜࣥ 8 ఩ࡢỈ⣲࡜ 5 ′఩ࡢỈ㓟ᇶࡢ
ࢡࣟࢫࣆ࣮ࢡ࡟࡚☜ㄆࡋ࡚࠸ࡿ .  
 
➨4㡯2-࢔࣑ࣀ -4′-ࢩ࢔ࣀ࢖ࢯࢪࢹ࢜࢟ࢩ࢔ࢹࣀࢩࣥࡢྜᡂ  
 
2-࢔࣑ࣀ -4 ′-ࢩ࢔ࣀ࢖ࢯࢪࢹ࢜࢟ࢩ࢔ࢹࣀࢩࣥ  (59) ࡣ 84 ࠿ࡽㄏᑟ࡛ࡁ
ࡿ࡜⪃࠼ࡓ . (Scheme 14)  
 
84࠿ࡽගᘏ཯ᛂ࡟࡚ 2-࢔࣑ࣀ -6-ࢡࣟࣟࣉࣜࣥࢆᑟධࡋࡓ 88ࢆྜᡂࡋࡓ .  
ࡑࡢ㝿 ,  ๪⏕ᡂ≀࡜ࡋ࡚ 2 ఩ࡢ࢔࣑ࣀᇶࡀ⢾࡜⤖ྜࡋࡓ໬ྜ≀ࡀ⏕ࡌࡓࡓ
ࡵ , ཰⋡ࡀపୗࡋࡓ . ࡑࡢᚋ , Bz ࢆ⬺ಖㆤࡋ࡚ 89 ࡜ࡋࡓᚋ ,  ๓㡯࡜ྠᵝ࡟
3 ᕤ⛬࡛ 4 ′఩ࢆࢩ࢔ࣀᇶ࡬࡜ㄏᑟࡋࡓ 90 ࢆྜᡂࡋࡓ .  ࡉࡽ࡟ࣉࣜࣥ 6 ఩ࡢ
SNAr ཯ᛂ࡟ࡼࡿ࢔࣑ࣀ໬࡜ TBDPS ࡢ⬺ಖㆤࢆ⾜࠸ , 59 ࡢྜᡂࢆ㐩ᡂࡋࡓ .  
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88 ࡢ❧యᵓ㐀ࡣ NOESY ࡟࡚ࣉࣜࣥ 8 ఩ࡢỈ⣲࡜ 5 ′఩ࡢỈ㓟ᇶࡢࢡࣟࢫࣆ




࢖ࢯࢾࢡࣞ࢜ࢩࢻࡣࣜࣥ㓟໬ࢆཷࡅ࡟ࡃ࠸ࡇ࡜ሗ࿌ࡉࢀ࡚࠸ࡓࡓࡵ ,  58
ࡢ࣍ࢫ࣍ࣟ࢔࣑ࢲ࢖ࢺࣉࣟࢻࣛࢵࢢ 60ࢆྜᡂࡍࡿࡇ࡜࡜ࡋࡓ . (Scheme 15) 
 
(ࣇ࢙ࢽ࣓ࣝࢺ࢟ࢩ࢔ࣛࢽࣝ ) ࣍ࢫ࣍ࣟࢡࣟࣜࢹ࣮ࢺ࡟࡚࣍ࢫ࣍ࣟ࢔࣑
ࢲ࢖ࢺ໬ࡋࡓ 60 ࢆྜᡂࡋࡓ . ᚓࡽࢀࡓ 60 ࡣ , ࣜࣥࢆ୙ᩧ୰ᚰ࡜ࡍࡿࢪ࢔
ࢫࢸ࣐࣮ࣞ࢜ΰྜ≀࡛࠶ࡾ , NMR ࡢ⤖ᯝ࠿ࡽࡑࡢᏑᅾẚࡣ 5:3 ࡛࠶ࡗࡓ .  
ḟ⠇࡟࡚ྜᡂࡋࡓ 57-60 ࡢᢠ࢘࢖ࣝࢫάᛶཬࡧ , ⣽⬊ẘᛶࡢホ౯⤖ᯝ࡟





➨ 2 ❶࡜ྠᵝ࡟ , ᢠ࢘࢖ࣝࢫάᛶཬࡧ⣽⬊ẘᛶホ౯ࡣ ,  ඹྠ◊✲ඛ࡛࠶
ࡿᅜ❧ᅜ㝿་⒪ࢭࣥࢱ࣮ࡢ‶ᒇᩍᤵࡢࢢ࣮ࣝࣉ࡟౫㢗ࡋࡓ . ᢠ HBV άᛶ
ཬࡧ , ⣽⬊ẘᛶ࡟ࡘ࠸࡚ࡣ➨ 2 ❶㺃➨ 3 ⠇࡜ྠᵝ࡛࠶ࡿ .  
 
ᢠ HIV άᛶཬࡧ⣽⬊ẘᛶࡢホ౯࡜ࡋ࡚ MTT assay ἲࢆ⏝࠸ࡓ .  96 well 
plate ࡟ 1 well ࠶ࡓࡾ RPMI 1640 ࡟ᕼ㔘ࡋࡓ໬ྜ≀ࢆ 10 ಸࡎࡘᕼ㔘ࡋ࡚
100 μL ࡎࡘຍ࠼ࡓ .  ࡑࡋ࡚ , ྛ well ࡟ HIV ࡜ MT-2 ⣽⬊ࢆຍ࠼ࡓ  (2103
ಶ /well). ࡑࡢ㝿 , ࠶ࡽ࠿ࡌࡵ HIV ࡢ⁲ᐃࢆ⾜࠸ , 100 TCID50ࡢ⃰ᗘ࡜࡞ࡿ
ࡼ࠺࡟ㄪᩚࢆ⾜ࡗ࡚࠸ࡿ . ࡲࡓ ,  ࢥࣥࢺ࣮ࣟࣝ࡜ࡋ࡚ MT-2 ⣽⬊ࡢࡳࢆຍ
࠼ࡓ well ࢆసᡂࡋ ,  37Υࡢ CO2 ࢖࣮ࣥ࢟ࣗ࣋ࢱ࣮࡛ 7 ᪥㛫ᇵ㣴ࡋࡓ . 㙾᳨
࡟࡚ྜ⬊యᙧᡂ☜ㄆᚋ , ྛ well ࡼࡾୖΎࢆ 100 μL ࡎࡘ㝖ཤࡋ ,  MTT ヨ⸆
ࢆ 10 μL ࡎࡘຍ࠼ , 37Υࡢ CO2 ࢖࣮ࣥ࢟ࣗ࣋ࢱ࣮࡛ 4 ᫬㛫࿊Ⰽ཯ᛂࢆ⾜ࡗ
ࡓ . ࡑࡢᚋ , MTT ྍ⁐໬⁐ᾮࢆ 100 μL ຍ࠼࡚࣐࣍ࣝࢨࣥࡢ⤖ᬗࢆ⁐ゎࡋࡓ
ᚋ , ࣐࢖ࢡࣟࣉ࣮ࣞࢺ࣮ࣜࢲ࣮࡟࡚ྛ well ࡢ 570nm ࡢ྾ගᗘࢆ ᐃࡋ , 
EC50ࢆ⟬ฟࡋࡓ .  
ྜᡂࡋࡓ 57-60 ཬࡧᢠ HBV άᛶࡢ࣏ࢪࢸ࢕ࣈࢥࣥࢺ࣮࡛ࣟࣝ࠶ࡿ ETV




ᮏ❶࡛ྜᡂࡋࡓ NAs ࡟࠾࠸࡚ᢠ HBV άᛶࡣ☜ㄆࡉࢀ࡞࠿ࡗࡓ .  ୍᪉ , 60
࡟ࡣᢠ HIV άᛶࡀ☜ㄆࡉࢀࡓࡇ࡜࠿ࡽ , ࢖ࢯࢾࢡࣞ࢜ࢩࢻࡣࣜࣥ㓟࢔࣑ࢲ
࢖ࢺ໬ࡍࡿࡇ࡜࡛ᢠ࢘࢖ࣝࢫάᛶࡀྥୖࡍࡿࡇ࡜ࡀ♧၀ࡉࢀࡓ  (EC50HIV = 
61.4 μM). ࡉࡽ࡟ྜᡂࡋࡓ NAs ࡟ࡘ࠸࡚⣽⬊ẘᛶࡣ☜ㄆࡉࢀ࡞࠿ࡗࡓ .  




ᮏ❶࡛ࡣᢠ HBV άᛶࢆᮇᚅࡋ , 4 ′-⨨᥮࢖ࢯࢾࢡࣞ࢜ࢩࢻ  (57-60) ࢆ᪂
つ NAs ࡜ࡋ࡚タィࡋࡓ . ࡇࢀࡽ᪂つ NAs ࡣ L-࢟ࢩ࣮ࣟࢫࢆฟⓎཎᩱ࡜ࡋ
࡚ 7 ᕤ⛬࡛ᚓࡽࢀࡿ㘽୰㛫య 64 ࢆ⤒⏤ࡋ࡚ྜᡂࡋࡓ .  
4 ′-࢚ࢳࢽࣝ -3 ′-࢚࢟ࢯ࣓ࢳࣞࣥ࢖ࢯࢪࢹ࢜࢟ࢩࢢ࢔ࣀࢩࣥ  (57) ࢆྜᡂ
ࡍࡿࡓࡵ , 64 ࠿ࡽ 8 ᕤ⛬࡛࢚ࢳࢽࣝᇶࢆ᭷ࡍࡿ⢾㦵᱁ 69 ࡬࡜ㄏᑟࡋࡓ .  69
࡟ᑐࡋ ,  ගᘏ཯ᛂ࡟࡚ሷᇶ㒊ࢆᑟධᚋ ,  ⬺ಖㆤࢆ⤒࡚ 57ࡢྜᡂࢆ㐩ᡂࡋࡓ . 
57 ࡣ L-࢟ࢩ࣮ࣟࢫ࠿ࡽ 18 ᕤ⛬ , ㏻⟬཰⋡ 0.843%࡛ᚓࡽࢀࡓ .  
ࡲࡓ , 4 ′-ࢩ࢔ࣀ࢖ࢯࢪࢹ࢜࢟ࢩ࢔ࢹࣀࢩࣥ  (58) ࢆྜᡂࡍࡿࡓࡵ , 57 ࡢ
ྜᡂ⤒㊰࡜ྠᵝ , ࠶ࡽ࠿ࡌࡵࢩ࢔ࣀᇶࢆᵓ⠏ࡋࡓ⢾㦵᱁ 74ࢆྜᡂࡋ ,  ࣝ࢖
ࢫ㓟࡜ࢺ࢚ࣜࢳࣝࢩࣛࣥ࡟ࡼࡿ㑏ඖⓗ⬺ಖㆤࢆヨࡳࡓࡀ , ࢩ࢔ࣀᇶࡢ⬺㞳
ࡀ⏕ࡌࡓ . ࡑࡇ࡛ ,  㑏ඖⓗ⬺ಖㆤࢆ⾜ࡗࡓᚋ࡟ࢩ࢔ࣀᇶࢆᵓ⠏ࡍࡿࡇ࡜࡜
ࡋ , Ỉ㓟ᇶࢆ࣋ࣥࢰ࢖ࣝ࡟࡚ಖㆤࡋࡓ 84ࢆྜᡂࡋࡓᚋ , ගᘏ཯ᛂ࡟࡚ሷᇶ
㒊ࢆᑟධࡋࡓ . ࡑࡢᚋ , ࣋ࣥࢰ࢖ࣝࡢ⬺ಖㆤࢆ⾜࠸ , ᐃἲ࡟࡚ࢩ࢔ࣀᇶ࡬
࡜ㄏᑟࡋ⬺ಖㆤࢆ⤒࡚ 58 ࡢྜᡂࢆ㐩ᡂࡋࡓ .  ࡉࡽ࡟ , 58 ࢆ  (ࣇ࢙ࢽ࣓ࣝࢺ
࢟ࢩ࢔ࣛࢽࣝ ) ࣍ࢫ࣍ࣟࢡࣟࣜࢹ࣮ࢺ࡟࡚ฎ⌮ࡍࡿࡇ࡜࡛࣍ࢫ࣍ࣟ࢔࣑ࢲ
࢖ࢺ໬ࡋࡓ 60ࢆྜᡂࡋࡓ . 58ࡣ L-࢟ࢩ࣮ࣟࢫ࠿ࡽ 20ᕤ⛬ ,  ㏻⟬཰⋡ 2.94%, 
60 ࡣ L-࢟ࢩ࣮ࣟࢫ࠿ࡽ 21 ᕤ⛬ , ㏻⟬཰⋡ 0.272%࡟࡚ྜᡂࢆ࡛㐩ᡂࡋࡓ .  
ࡉࡽ࡟ ,  2-࢔࣑ࣀ -4 ′-ࢩ࢔ࣀ࢖ࢯࢪࢹ࢜࢟ࢩ࢔ࢹࣀࢩࣥ  (59) ࢆྜᡂࡍࡿ
ࡓࡵ , 84 ࠿ࡽගᘏ཯ᛂ࡟࡚ሷᇶ࡜ࡋ࡚ 2-࢔࣑ࣀ -6-ࢡࣟࣟࣉࣜࣥࢆᑟධࡋࡓ . 
ࡑࡢᚋ ,  ࢩ࢔ࣀᇶ࡬ࡢㄏᑟ࡜ 6 ఩ࡢ࢔࣑ࣀᇶ࡬ࡢ⨨᥮ཬࡧ⬺ಖㆤࢆ⤒࡚ 59
ࡢྜᡂࢆ L-࢟ࢩ࣮ࣟࢫ࠿ࡽ 20 ᕤ⛬ , ㏻⟬཰⋡ 0.992%࡟࡚㐩ᡂࡋࡓ .  
58-60 ࡢྜᡂ⤒㊰ࡣሷᇶ㒊ᑟධᚋ , 4 ′┦ᙜ఩࡟ࣄࢻࣟ࢟ࢩ࣓ࢳࣝᇶࢆ᭷ࡍ
ࡿࡓࡵ ,  ࢖ࢯࢾࢡࣞ࢜ࢩࢻࡢ 4 ′఩ࢆࣅࢽࣝᇶࡸࣇ࣓ࣝ࢜ࣟࢳࣝᇶ࡞࡝ᖜᗈ
࠸⨨᥮ᇶ࡬ㄏᑟࡍࡿࡇ࡜ࡀྍ⬟࡛࠶ࡿ .  ࡘࡲࡾ ,  ௒ᅇ☜❧ࡋࡓྜᡂ⤒㊰ࡣ , 
37 
 
4 ′-⨨᥮࢖ࢯࢾࢡࣞ࢜ࢩࢻࡢሷᇶ㒊ཬࡧ 4 ′఩⨨᥮ᇶࡢ⥙⨶ⓗྜᡂ࡟ά⏝࡛
ࡁ , ᵓ㐀᭱㐺໬ࢆ㐍ࡵ࡚࠸ࡃୖ࡛኱ࡁ࡞฼Ⅼ࡛࠶ࡿ .  (Scheme 16) 
 
57-60 ࡢᢠ࢘࢖ࣝࢫάᛶཬࡧ⣽⬊ẘᛶࢆㄪ࡭ࡓ࡜ࡇࢁ , ඲࡚ࡢ໬ྜ≀ࡀ
⣽⬊ẘᛶࢆ᭷ࡋ࡚࠸࡞࠿ࡗࡓࡶࡢࡢ , ṧᛕ࡞ࡀࡽᢠ HBV άᛶࡣㄆࡵࡽࢀ
࡞࠿ࡗࡓ . HIV ࡣ HBV ࡜ྠᵝ࡟㏫㌿෗㓝⣲ࢆࡶࡘࡓࡵ , 57-60 ࡢᢠ HIV ά
ᛶ࡟ࡘ࠸࡚ࡶ᳨ウࡋࡓ . ࡑࡢ⤖ᯝ , 58 ࡟㢧ⴭ࡞ᢠ HIV άᛶࡣ࡞࠸ࡀ , ࡑࡢ
ࣜࣥ㓟ࣉࣟࢻࣛࢵࢢ࡛࠶ࡿ 60 ࡢࡳᙅ࠸ᢠ HIV άᛶࡀㄆࡵࡽࢀࡓ (EC50HIV = 
61.4 μM). ࢖ࢯࢾࢡࣞ࢜ࢩࢻࡣ࢟ࢼ࣮ࢮ࡟ࡼࡿࣜࣥ㓟໬ࡀ㉳ࡇࡾ࡟ࡃ࠸ࡇ
࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿࡀ , 4′-⨨᥮࢖ࢯࢾࢡࣞ࢜ࢩࢻ࡟ࡘ࠸࡚ࡶࣜࣥ㓟໬ࡀ㉳
ࡇࡾ࡟ࡃ࠸ࡇ࡜ࡀ♧၀ࡉࢀࡓ . ࡞࠾ ,  59, 61 ࡢᢠ HIV άᛶࡣࢩ࢔ࣀᇶࢆ᭷
ࡉ࡞࠸ 52 , 53 ࡼࡾపୗࡋࡓࡶࡢࡢ  (52:EC50HIV = 21 μM, 53:EC50HIV = 0.06 
μM), ẘᛶࡣᨵၿࡉࢀࡓ  (53:CC50MT-4 = 2.9 μM). (Fig.25) 
 
ẘᛶࡢ㍍ῶࡣ࢖ࢯࢾࢡࣞ࢜ࢩࢻࡢ 4 ′఩࡟ࢩ࢔ࣀᇶࢆᑟධࡋࡓࡇ࡜࡛❧య
㓄ᗙࡀኚ໬ࡋ ,  ᐟ୺⣽⬊ࡢ࣏࣓࣮ࣜࣛࢮࡢᇶ㉁࡜࡞ࡾ࡟ࡃࡃ࡞ࡗࡓࡓࡵ࡜
⪃࠼ࡽࢀࡿ . ᪂つ NAs ࡜ࡋ࡚㛤Ⓨࢆ㐍ࡵࡿࡓࡵ࡟ࡣ㧗࠸ᢠ HBV άᛶࢆ᭷
ࡋ࡚࠸ࡿࡇ࡜࡟ࡃࢃ࠼ , ⣽⬊ẘᛶࡀప࠸ࡇ࡜ࡶᴟࡵ࡚㔜せ࡛࠶ࡿ . ࡋࡓࡀ
ࡗ࡚ , ௒ᅇྜᡂࡋࡓ໬ྜ≀⩌ࡀሷᇶࡢ✀㢮ࢆၥࢃࡎ⣽⬊ẘᛶࢆ᭷ࡋ࡚࠸࡞
࠿ࡗࡓࡇ࡜ࡣ ,  ᪂つ NAs ࡢᇶᮏ㦵᱁࡜ࡋ࡚ᮇᚅ࡛ࡁࡿࡇ࡜ࢆ♧၀ࡋ࡚࠸ࡿ .  
௒ᚋ , 4′఩ࡢ⨨᥮ᇶཬࡧሷᇶ㒊ࡢᵓ㐀᭱㐺໬ࢆ᳨ウࡍࡿࡇ࡜࡛ ,  ᢠ HBV ά
ᛶࢆ᭷ࡍࡿ㦵᱁ࢆⓎぢࡋࡓᬡ࡟ࡣ , Ᏻ඲ᛶࡢ㧗࠸᪂つ NAs ࡢ㛤Ⓨ࡟ᒎ㛤࡛




NAs ࣮ࣜࢻ໬ྜ≀ࡢᐆᗜ࡛࠶ࡿ .  ᮏ❶࡛ᚓࡽࢀࡓ▱ぢࡣ࢖ࢯࢾࢡࣞ࢜ࢩࢻ
࡟㛵ࡍࡿ◊✲ࡢ᪂ࡓ࡞㊊᥃࠿ࡾ࡜ࡋ࡚ά⏝࡛ࡁࡿࡶࡢ࡛࠶ࡿ . ௒ᚋ , ࡇࡢ
▱ぢࢆά࠿ࡋ ,  ࡼࡾᙉຊ࡞ᢠ࢘࢖ࣝࢫάᛶࢆ᭷ࡍࡿ NAs ࡢ㛤Ⓨࡀᮇᚅࡉࢀ





⫢ࡀࢇࡢከࡃࡣ HBV ࡲࡓࡣ HCV ឤᰁ࡟ࡼࡿ៏ᛶ⫢⑌ᝈ࠿ࡽࡢⓎ⑕࡛࠶
ࡿ . ㏆ᖺ , HCV ឤᰁࡣ἞⒪ἲࡢ㐍ᒎ࡟ࡼࡗ࡚ , ⤒ཱྀ⸆ࡢࡳ࡛ࡶ 99%௨ୖ࡜
࠸࠺㧗࠸☜⋡࡛࢘࢖ࣝࢫࢆ᤼㝖࡛ࡁࡿࡼ࠺࡟࡞ࡾ , HBV ឤᰁ࡟ࡘ࠸࡚ࡶ⏬
ᮇⓗ᪂⸆ࡢ㛤Ⓨࡀᕼồࡉࢀ࡚࠸ࡿ . ࡋ࠿ࡋ࡞ࡀࡽ ,  㠉᪂ⓗ࡞἞⒪⸆ࡢ㛤Ⓨ
ࡣᮍࡔ࡞ࡉࢀ࡚࠸࡞࠸ࡢࡀ⌧≧࡛࠶ࡿ . HBVࡢ㏫㌿෗㓝⣲ࡣ୙Ᏻᐃ࡛࠶ࡾ ,  
ᮍࡔ༢⤖ᬗࡀᚓࡽࢀ࡚࠸࡞࠸ . ࡑࡢࡓࡵ , ᪂つ NAs ࢆ㛤Ⓨࡍࡿୖ࡛ , ᵓ㐀
άᛶ┦㛵◊✲ࡢ✚ࡳ㔜ࡡࡀᚲせ୙ྍḞ࡛࠶ࡿ .  
ᮏ◊✲࡛ࡣࡇࢀࡲ࡛ࡢ NAs ࡼࡾࡶᙉຊ࠿ࡘ⪏ᛶᰴ࡟ࡶ᭷ຠ࡞ NAs ࡢ㛤
Ⓨࢆ┠ᣦࡋࡓ .  ࡑࡇ࡛ , ᙉຊ࡞ᢠ HBVάᛶࡀሗ࿌ࡉࢀ࡚࠸ࡿ࡟ࡶ࠿࠿ࢃࡽ
ࡎ ,  HBV ឤᰁ⑕἞⒪࡟౑⏝ࡉࢀ࡚࠸࡞࠸໬ྜ≀࡜ࡋ࡚ 4 ′఩ࢆಟ㣭ࡋࡓ NAs
࡟╔┠ࡋࡓ .  
ࡲࡎ ,  4 ′-࢔ࢪࢻ -5-࣓ࢳࣝ -4-⨨᥮ࣆ࣑ࣜࢪࣥࢾࢡࣞ࢜ࢩࢻ࡟ࡘ࠸᳨࡚ウ
ࢆ⾜ࡗࡓ . ྜᡂࡋࡓ໬ྜ≀࡛᭱ࡶ㧗࠸ᢠ HBV άᛶࢆ᭷ࡋ࡚࠸ࡓࡢࡣ 4 ′-࢔
ࢪࢻࢳ࣑ࢪ࡛ࣥ࠶ࡾ , 4 ′-࢔ࢪࢻ -5-࣓ࢳࣝࢹ࢜࢟ࢩࢩࢳࢪࣥࡶᢠ HBV άᛶ
ࢆ᭷ࡋ࡚࠸ࡓ . ࡇࢀࡽ໬ྜ≀࡟ࡣ⣽⬊ẘᛶࡣ☜ㄆࡉࢀ࡞࠿ࡗࡓࡇ࡜࠿ࡽ
HBV ឤᰁ⑕἞⒪⸆࡜ࡋ࡚᭷ᮃ࡞࣮ࣜࢻ໬ྜ≀࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿ . 4 ′-࢔ࢪ
ࢻࢹ࢜࢟ࢩࢩࢳࢪࣥ࡟ࡣ㧗࠸ẘᛶࡀ☜ㄆࡉࢀ࡚࠸ࡓࡓࡵ , ࣆ࣑ࣜࢪࣥ 5 ఩
࡟࣓ࢳࣝᇶࡀᏑᅾࡍࡿࡇ࡜࡛⣽⬊ẘᛶࡢపῶ࡟ࡘ࡞ࡀࡿࡇ࡜ࡀ♧၀ࡉࢀ
ࡓ . ࡋ࠿ࡋ , ࣆ࣑ࣜࢪࣥ 4 ఩ࢆ࢔ࣝ࢟ࣝಟ㣭ࡋࡓ໬ྜ≀⩌࡟ࡣᢠ HBV άᛶ
ࡀ☜ㄆࡉࢀ࡞࠿ࡗࡓ .  ௨ୖࡢࡇ࡜࠿ࡽ , 4′-࢔ࢪࢻࣆ࣑ࣜࢪࣥࢾࢡࣞ࢜ࢩࢻ
ࡢሷᇶ㒊࡜ࡋ࡚ࢳ࣑ࣥࡶࡋࡃࡣ 5-࣓ࢳࣝࢩࢺࢩࣥࡀ᭷ᮃ࡞㦵᱁࡛࠶ࡿ࡜
ุ᫂ࡋࡓ .  
ḟ࡟ ,  4′఩࡟ࢩ࢔ࣀᇶࡶࡋࡃࡣ࢚ࢳࢽࣝᇶࢆᑟධࡋࡓ࢖ࢯࢾࢡࣞ࢜ࢩࢻ
ࢆタィ㺃ྜᡂࡋ ,  ᢠ HBV άᛶࢆホ౯ࡋࡓ .  ṧᛕ࡞ࡀࡽ , ྜᡂࡋࡓ໬ྜ≀ࡣ
ᢠ HBVάᛶࢆ᭷ࡋ࡚࠸࡞࠿ࡗࡓ .  ࡋ࠿ࡋ࡞ࡀࡽ , ࢖ࢯࢾࢡࣞ࢜ࢩࢻࡢ 4′఩
࡟⨨᥮ᇶࢆᑟධࡍࡿࡇ࡜࡛⣽⬊ẘᛶࡢపῶࡀ☜ㄆࡉࢀࡓ . ௒ᅇ☜❧ࡋࡓྜ
ᡂ⤒㊰ࡣ࢖ࢯࢾࢡࣞ࢜ࢩࢻࡢሷᇶ㒊ཬࡧ ,  4 ′఩࡟ᑟධࡍࡿ⨨᥮ᇶࢆ⥙⨶ⓗ
࡟ྜᡂࡍࡿࡇ࡜ࡀྍ⬟࡛࠶ࡿࡇ࡜࠿ࡽ , ௒ᚋ , ᖜᗈ࠸ሷᇶ㒊ཬࡧ⨨᥮ᇶࡢ
ᑟධࢆ⾜࠺ࡇ࡜࡛ ,  ᵓ㐀᭱㐺໬ࡀྍ⬟࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿ .  




ࢆࡍࡿୖ࡛ព⩏ࡀ࠶ࡾ , ࡉࡽ࡞ࡿᵓ㐀᭱㐺໬ࢆ㐍ࡵࡿࡇ࡜࡛㠉᪂ⓗ࡞ B ᆺ







ᮏ◊✲࡟㝿ࡋ࡚⤊ጞᚚᣦᑟ ,  ᚚ㠴᧡ࢆ㈷ࡾ , ᮏ✏సᡂ࡟࠾࠸࡚ከ኱࡞ࡿ
ᚚᩍ♧ ,ᚚຓゝࢆ㡬ࡁ , ࡉࡽ࡟◊✲⪅࡜ࡋ࡚ࡢᚰᵓ࠼ࢆᚚᩍᤵࡋ࡚ୗࡉ࠸
ࡲࡋࡓᓫᇛ኱Ꮫ⸆Ꮫ㒊⸆໬Ꮫ◊✲ᐊ ஭ᮏ ಟᖹ෸ᩍᤵ࡟ㅽࢇ࡛ឤㅰࡢ




ㅰࡢពࢆ⾲ࡋࡲࡍ .  
 
ᮏ◊✲ࢆ⾜࠺ୖ࡛ከ኱࡞ࡿᚚຓຊࢆ㈷ࡾࡲࡋࡓ⇃ᮏ኱Ꮫ ‶ᒇ ⿱᫂
≉ูᣍ⪸ᩍᤵ࡟ㅽࢇ࡛ឤㅰࡢពࢆ⾲ࡋࡲࡍ .  
 
ᮏ◊✲ࢆ⾜࠺ୖ࡛ⓗ☜࡞ᚚຓゝࢆ㡬ࡁ , ┤᥋ᚚᣦᑟ࠸ࡓࡔ࠸ࡓᚨ⏣ ு
༤ኈ࡟ㅽࢇ࡛ឤㅰࡢពࢆ⾲ࡋࡲࡍ .  
 
ྛ✀⏕≀Ꮫⓗホ౯ࢆ⾜ࡗ࡚࠸ࡓࡔ࠸ࡓᅜ❧ᅜ㝿་⒪◊✲ࢭࣥࢱ࣮ 㘵
⏣ ఙዲ༤ኈ࡟ㅽࢇ࡛ឤㅰࡢពࢆ⾲ࡋࡲࡍ .  
 
X ⥺⤖ᬗᵓ㐀ゎᯒࢆ⾜ࡗ࡚࠸ࡓࡔ࠸ࡓᮾ㑥኱Ꮫ⌮Ꮫ㒊໬Ꮫ⛉ ᱓ཎ ಇ
௓෸ᩍᤵ࡟ㅽࢇ࡛ឤㅰࡢពࢆ⾲ࡋࡲࡍ .  
 
ᮏ◊✲ࢆ⾜࠺ୖ࡛ᡭᢏ࡟㛵ࡍࡿᚚຓゝ࠸ࡓࡔ࠸ࡓᒣཱྀ ⩧Ặ࡟ㅽࢇ࡛
ឤㅰࡢពࢆ⾲ࡋࡲࡍ .  
 
ᮏ◊✲ࢆ⾜࠺ୖ࡛ NMR ࢫ࣌ࢡࢺࣝ ᐃ࡟ᚚຓຊ࠸ࡓࡔ࠸ࡓᒣᕝ ⨾㔛
Ặ࡟ㅽࢇ࡛ឤㅰࡢពࢆ⾲ࡋࡲࡍ .  
 
ᮏㄽᩥసᡂ࡟࠶ࡓࡾ , 㔜せ࠿ࡘ᭷┈࡞ᚚຓゝ , ᚚᰯ㜀ࢆ㈷ࡾࡲࡋࡓ , ྜྷ




᭱ᚋ࡟ ,  ⴭ⪅ࡢ㛗ࡁ࡟ࢃࡓࡿᏛ⏕⏕άࢆᨭ᥼ࡋ࡚ୗࡉࡗࡓᐙ᪘ཬࡧ཭ே
࡟῝ࡃឤㅰ⮴ࡋࡲࡍ .  





ヨ⸆ཬࡧ⬺Ỉ⁐፹ࡣ㉎ධᚋ , ⢭〇ࡏࡎ⏝࠸ࡓ .  TLC ࡣ Merck ሬ⿦ࡀ᪋ࡉ
ࢀࡓ TLC ࣉ࣮ࣞࢺ  (Silicagel 60 F254, 0.25 mm) ࢆ౑⏝ࡋࡓ . ࣇࣛࢵࢩࣗ࢝
࣒ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮ࡣ࣮࢝ࢺࣜࢵࢪ  (Yamazen Hi-flash, Yamazen 
Universal Premium, Biotage ZIP sphere, Biotage SNAP Ultra,  WAKO Presep) ࢆ
౑⏝ࡋ ,  Yamazen AI-580S automated flash chromatography system ࡟࡚⾜ࡗࡓ . 
࣒࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮ࡣ Silica Gel 60N (⌫≧ ,  ୰ᛶ  63-210 μL 㛵ᮾ໬
Ꮫ ᰴ ᘧ ఍ ♫ ) ࡲ ࡓ ࡣ , Chromatorex® (100-200 mesh, FUJI SILYSIA 
CHEMICAL LTD) ࢆ⏝࠸ࡓ . 1H-NMR ཬࡧ 13C-NMR, 31P-NMR ࡣ JEOL ECA 
500 spectrometer ࢆ⏝࠸ࡓ .  1H-NMR ࡛ࡣෆ㒊ᶆ‽࡟ࢸࢺ࣓ࣛࢳࣝࢩࣛࣥࢆ
⏝࠸࡚ᐊ ࡛ ᐃࡋࡓ . 13C-NMRཬࡧ 31P-NMRࡣࡑࡢࡲࡲᐊ ࡛ ᐃࡋࡓ .  
ྛ NMR ࢫ࣌ࢡࢺࣝࡢࢣ࣑࢝ࣝࢩࣇࢺࡣ δ (ppm) ࡛♧ࡋࡓ . ከ㔜ᗘ࡟ࡘ࠸
࡚ࡣ singlet (s),  doublet (d), doublet of doublets (dd), doublet of doublets of 
doublets (ddd), triplet (t), doublet of triplet (dt),  septet (sep), multiplet (m), 
broad (br) ࡛⾲ࡋࡓ . ࢝ࢵࣉࣜࣥࢢᐃᩘ  (J) ࡣ  ࣊ࣝࢶ  (Hz) ࡛⾲ࡋࡓ . 
ESI-MS, APCI-MS ࡣ JEOL JMS-T100LP system ࡟࡚ゎᯒࡋࡓ . HPLC ศᯒࡣ
࣏ࣥࣉ࡟ PU2089, ᳨ฟჾ࡟ UV2075, ࣒࣮࢝ࣛ࢜ࣈࣥ࡟ CTO-10AVP B ࢆ౑
⏝ࡋ , ࣒࢝ࣛ࡟ࡣ YMC Hydrosphere C18 column (6.0  150 mm) ࢆ⏝࠸࡚ ,  
Ἴ㛗ࡣ 254 nm ࡢ UV ࢆ⏝࠸ࡓ .   
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➨ 2 ❶  4′-࢔ࢪࢻ -5-࣓ࢳࣝ -4-⨨᥮ࣆ࣑ࣜࢪࣥࢾࢡࣞ࢜ࢩࢻ࡟㛵ࡍࡿ᳨ウ  
 
5′-Deoxy-5′-C-iodothymidine (45) 
ࢳ࣑ࢪࣥ  (9.68 g, 40.0 mmol) ࢆྵࡴ 1,4-ࢪ࢜࢟ࢧࣥ⁐ᾮ  (200 mL) ࡟ࢺ
ࣜࣇ࢙ࢽࣝ࣍ࢫࣇ࢕ࣥ  (15.7 g, 60.0 mmol), ࣆࣜࢪࣥ  (6.50 mL, 80.0 mmol), 
I2 (15.7 g, 61.5 mmol) ࢆຍ࠼ ,  ᐊ ࡟࡚⤊ኪ᧠ᢾࡋࡓ .  ࡑࡢᚋ , ࣓ࢱࣀ࣮ࣝ  
(10.0 mL), 10%Na2S2O3Ỉ⁐ᾮ  (14.0 mL) ࢆຍ࠼཯ᛂࢆ೵Ṇࡋ , ῶᅽୗ⁐፹
ࢆ␃ཤࡋࡓ . ṧ´ࢆ㓑㓟࢚ࢳࣝ࡟࡚ᕼ㔘ࡋࡓᚋ , Ỉ ,  㣬࿴ NaCl Ỉ⁐ᾮ࡛Ὑ
ίࡋ ,  MgSO4 ࡛஝⇱ࡋࡓ . ῶᅽୗ⁐፹ࢆ␃ཤࡋࡓᚋ , ࢚ࢱࣀ࣮ࣝ࡟ࡼࡿ෌
⤖ᬗ࡟࡚⢭〇ࡋ , ໬ྜ≀ 45 (9.96 g, 28.3 mmol, 70.8%) ࢆᚓࡓ .  
1H-NMR (500 MHz, DMSO-d6) δ 11.4 (s, 1H), 7.53 (d, J = 1.2 Hz, 1H), 6.22 (dd, 
J = 8.3, 6.3 Hz, 1H), 5.49 (d, J = 4.0 Hz, 1H), 4.20-4.17 (m, 1H), 3.81 (dt, J  = 
6.3, 2.9 Hz, 1H), 3.52 (dd, J = 10.3, 6.3 Hz, 1H), 3.39 (dd, J = 10.3, 6.3 Hz, 1H), 
2.32-2.26 (m, 1H), 2.08 (ddd, J = 13.8, 6.3, 2.9 Hz, 1H), 1.80 (s, 3H)  
᪤▱໬ྜ≀࡛࠶ࡾ ,  ཧ⪃ᩥ⊩ [56]ࡢ 1H-NMR ࡜ࢫ࣌ࢡࢺࣝࢹ࣮ࢱࡣ୍⮴ࡋ
ࡓ .  
 
1-(2,5-Dideoxy-β-D-glycero-pent-4-enofuranosyl)thymine (46) 
໬ྜ≀ 45  (9.86 g, 28.0 mmol) ࢆྵࡴ࣓ࢱࣀ࣮ࣝ⁐ᾮ  (100 mL) ࡟ࢼࢺࣜ
࣒࣓࢘ࢺ࢟ࢩࢻ  (4.54 g, 84.0 mmol) ࢆຍ࠼ , 75Υ࡟࡚⤊ኪ᧠ᢾࡋࡓ . ᐊ 
ࡲ࡛෭༷ࡋࡓᚋ , ཯ᛂᾮࢆ㓑㓟࡛୰࿴ࡋ , ῶᅽୗ⁐፹ࢆ␃ཤࡋࡓ . ࢚ࢱࣀ
࣮ࣝ࡟ࡼࡿ෌⤖ᬗ࡟࡚⢭〇ࡋ , ໬ྜ≀ 46 (4.54 g, 20.2 mmol, 70.3%) ࢆᚓࡓ .   
1H-NMR (500 MHz, DMSO-d6) δ 11.4 (s, 1H), 7.42 (d, J = 1.2 Hz, 1H), 6.42 (dd, 
J = 6.9, 6.3 Hz, 1H), 5.55 (s, 1H), 4.71 (s, 1H), 4.29 (s, 1H), 4.14 (s, 1H), 2.40 
(dt, J = 13.8, 6.9 Hz, 1H), 2.18 (ddd, J = 13.8, 6.9, 3.4 Hz, 1H), 1.78 (d, J = 1.2 
Hz, 3H) 
᪤▱໬ྜ≀࡛࠶ࡾ ,  ཧ⪃ᩥ⊩  [56] ࡢ 1H-NMR ࡜ࢫ࣌ࢡࢺࣝࢹ࣮ࢱࡣ୍⮴
ࡋࡓ .  
 
4′-C-Azido-5′-deoxy-5′-C-iodothymidine (47) 
࢔ࢪ໬ࢼࢺ࣒ࣜ࢘  (6.57 g, 101 mmol) ࢆྵࡴ DMF ⁐ᾮ  (20.0 mL) ࡟୍
ሷ໬ࣚ࢘⣲  (7.84 g, 47.4 mmol) ࢆ 0Υ࡛ຍ࠼ࡓᚋ , ᐊ ࡟᪼ ࡋ 20 ศ᧠ᢾ
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ࡋࡓ . ࡑࡢᚋ ,  ཯ᛂᾮ࡟໬ྜ≀ 46 (4.54 g, 20.2 mmol) ࡢ DMF ⁐ᾮ  (40.0 
mL) ࢆ 10 ศ࠿ࡅ࡚⁲ୗࡋࡓ . 㣬࿴ NaHCO3 Ỉ⁐ᾮ , 10%Na2S2O3 Ỉ⁐ᾮࢆ
ຍ࠼཯ᛂࢆ೵Ṇࡋ ,  Ỉᒙࢆ㓑㓟࢚ࢳࣝ࡟࡚ᢳฟࡋࡓ .  ᭷ᶵᒙࢆ㣬࿴ NaClỈ
⁐ᾮ࡛Ὑίࡋ , MgSO4 ࡛஝⇱ࡋࡓᚋ , ῶᅽୗ⁐፹ࢆ␃ཤࡋࡓ .  ࣇࣛࢵࢩࣗ
ࢩࣜ࢝ࢤ࣒ࣝ࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  (ZIP 80 g, DCM/MeOH = 96/4 Ѝ  
89/11) ࡟ࡼࡾ⢭〇ࡋ , ໬ྜ≀ 47 (7.53 g, 19.2 mmol, 94.6%) ࢆᚓࡓ .  
1H-NMR (500 MHz, DMSO-d6) δ 11.4 (s, 1H), 7.50 (d, J = 1.2 Hz, 1H), 6.34 (t, 
J = 6.9, 1H), 6.20 (d, 1H), 4.58 (dd, J = 11.5, 5.7 Hz, 1H), 3.67 (d, J = 10.9 Hz, 
1H), 3.64 (d, J = 10.9 Hz, 1H), 2.56-2.50 (m, 1H), 2.32-2.26 (m, 1H), 1.81 (s, 
3H) 
᪤▱໬ྜ≀࡛࠶ࡾ ,  ཧ⪃ᩥ⊩  [56] ࡢ 1H-NMR ࡜ࢫ࣌ࢡࢺࣝࢹ࣮ࢱࡣ୍⮴
ࡋࡓ .  
 
4′-C-Azido-5′-deoxy-5′-C-iodo-3′-O-(4-methoxybenzoyl)thymidine (48) 
໬ྜ≀ 47 (4.38 g, 11.1 mmol) ࡢࣆࣜࢪࣥ⁐ᾮ  (50.0 mL) ࡟ 4-࣓ࢺ࢟ࢩ
࣋ࣥࢰ࢖ࣝࢡࣟࣛ࢖ࢻ  (3.80 g, 22.3 mmol) ࢆຍ࠼ , ᐊ ࡟࡚⤊ኪ᧠ᢾࡋࡓ .  
ࡑࡢᚋ , ཯ᛂᾮ࡟Ỉࢆຍ࠼࡚཯ᛂࢆ೵Ṇࡋ , ῶᅽୗ⁐፹ࢆ␃ཤࡋࡓ . ᚓࡽ
ࢀࡓṧ´ࢆ㓑㓟࢚ࢳ࡛ࣝᕼ㔘ࡋ , 㣬࿴ NaHCO3 Ỉ⁐ᾮ࡛Ὑίࡋࡓ . Ὑίࡋ
ࡓ᭷ᶵᒙࢆ MgSO4 ࡛஝⇱ࡋ , ῶᅽୗ⁐፹ࢆ␃ཤࡋࡓ .  ࣇࣛࢵࢩࣗࢩࣜ࢝ࢤ
࣒ࣝ࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  (ZIP 120 g, Hexane/AcOEt = 40/60 Ѝ  19/81) 
࡛⢭〇ࡋ , ໬ྜ≀ 48 (2.77 g, 5.25 mmol, 47.3%) ࢆᚓࡓ .  
1H-NMR (500 MHz, CHLOROFORM-d) δ 8.90 (s, 1H), 8.08-8.02 (m, 2H), 7.44 
(d, J = 1.15 Hz, 1H), 6.51 (dd, J  = 7.5, 5.7 Hz, 2H), 5.78 (dd, J = 8.6, 6.3 Hz, 
1H), 3.89 (s, 3H), 3.80 (d, J  = 10.9 Hz, 1H), 3.76 (d, J = 10.9 Hz, 1H), 2.76-2.64 
(m, 2H), 1.99 (d, J  = 1.2 Hz, 3H) 
᪤▱໬ྜ≀࡛࠶ࡾ ,  ཧ⪃ᩥ⊩  [56] ࡢ 1H-NMR ࡜ࢫ࣌ࢡࢺࣝࢹ࣮ࢱࡣ୍⮴
ࡋࡓ .  
 
4′-C-Azido-5′-O-(3-chlorobenzoyl)-3′-O-(4-methoxybenzoyl)thymidine (49) 
໬ྜ≀ 48  2.02 g (3.83 mmol) ࢆྵࡴࢪࢡ࣓ࣟࣟࢱࣥ /Ỉ  (2/1, v/v) ࡢΰྜ
⁐ᾮ  (75.0 mL) ࡟ࣜࣥ㓟Ỉ⣲஧࣒࢝ࣜ࢘  (4.01 g, 23.0 mmol), ࢸࢺࣛࣈࢳ
ࣝ࢔ࣥࣔࢽ࣒࢘◲㓟Ỉ⣲ሷ  (3.91 g, 11.5 mmol), 3-ࢡࣟࣟᏳᜥ㤶㓟  (1.80 g, 
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11.5 mmol), 3-ࢡࣟࣟ㐣Ᏻᜥ㤶㓟  (70%, 4.63 g, 18.9 mmol) ࢆຍ࠼ , ᐊ ࡟
࡚⤊ኪ᧠ᢾࡋࡓ . ࡑࡢᚋ , 3-ࢡࣟࣟ㐣Ᏻᜥ㤶㓟  (70%, 1.98 g, 8.03 mmol) ࢆ
ຍ࠼ , 50Υ࡛ࡉࡽ࡟ 2 ᫬㛫᧠ᢾࡋࡓ . ᐊ ࡲ࡛෭༷ࡋࡓᚋ ,  ཯ᛂᾮࢆࢪࢡࣟ
࣓ࣟࢱ࡛ࣥᕼ㔘ࡋ ,  㣬࿴ NaHCO3 Ỉ⁐ᾮ , 㣬࿴ NaCl Ỉ⁐ᾮ࡛Ὑίࡋ , 
MgSO4 ࡛஝⇱ࡋࡓ .  ῶᅽୗ⁐፹ࢆ␃ཤࡋ ,  ᚓࡽࢀࡓṧ´ࢆࣇࣛࢵࢩࣗࢩࣜ
࢝ࢤ࣒ࣝ࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  (ZIP 80 g, Hexane/AcOEt = 56/44 Ѝ  
45/55) ࡛⢭〇ࡋ ,  ໬ྜ≀ 49  (2.10 g, 3.78 mmol, 98.8 %) ࢆᚓࡓ .  
1H-NMR (500 MHz, CHLOROFORM-d) δ 8.11 (s, 1H), 8.04-8.01 (m, 2H), 7.93-
7.91 (m, 1H), 7.58-7.55 (m, 1H), 7.39-7.36 (m, 1H), 7.11 (d, J = 1.2 Hz, 1H), 
6.96-6.93 (m, 2H), 6.47 (dd, J = 7.5, 5.2 Hz, 1H), 5.80 (dd, J  = 8.0, 6.3 Hz, 1H), 
4.78 (d, J  = 12.0 Hz, 1H), 4.72 (d, J  = 12.0 Hz, 1H), 3.89 (s, 3H), 2.79-2.66 (m, 
2H), 1.82 (d, J = 1.2 Hz, 3H) 
13C-NMR (126 MHz, CHLOROFORM-d) δ 165.1, 164.4, 164.1, 163.1, 149.8, 
135.1, 134.9, 133.7, 132.2, 130.6, 130.0, 129.8, 127.9, 120.7, 113.9, 112.2, 96.9, 
85.3, 72.9, 65.3, 55.6, 35.8, 12.4  
MS (ESI) m/z (M+Na)+calcd. 578.1055; found 578.1024 
 
4′-C-Azidothymidine (34)  
໬ྜ≀ 49  (410 mg, 0.738mmol) ࢆྵࡴ 7M ࢔ࣥࣔࢽ࢔ᛶ࣓ࢱࣀ࣮ࣝ⁐ᾮ  
(10.0mL) ࢆ 80Υ࡛⤊ኪ᧠ᢾࡋࡓ . ᐊ ࡲ࡛෭༷ࡋࡓᚋ ,  ῶᅽୗ⁐፹ࢆ␃
ཤࡋ , ࣇࣛࢵࢩࣗࢩࣜ࢝ࢤ࣒ࣝ࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  (Hi-flash 45 g, 
DCM/MeOH = 93/7 Ѝ  85/15 Ѝ  80/20) ࡛⢭〇ࡋ ,  ໬ྜ≀ 34 (210 mg, 0.745 
mmol, 100 %) ࢆᚓࡓ .  
᪤▱໬ྜ≀࡛࠶ࡾ ,  ཧ⪃ᩥ⊩  [56] ࡢ 1H-NMR ࡜ࢫ࣌ࢡࢺࣝࢹ࣮ࢱࡣ୍⮴
ࡋࡓ .  
 
4′-C-Azido-5′-O-(3-chlorobenzoyl)-3′-O-(4-methoxybenzoyl)-4-O-(2,4,6-
triisopropylbenzenesulfonyl) thymidine (50) 
໬ྜ≀ 49 (1.08 g, 1.94 mmol) ࢆྵࡴࢪࢡ࣓ࣟࣟࢱࣥ⁐ᾮ  (20.0 mL) ࡟
2,4,6-ࢺࣜ࢖ࢯࣉࣟࣆࣝ࣋ࣥࢮࣥࢫࣝ࣍ࢽࣝࢡࣟࣛ࢖ࢻ  (1.15 g, 3.80 mmol),  
ࢺ࢚ࣜࢳࣝ࢔࣑ࣥ  (1.06 mL, 7.60 mmol), DMAP (23 mg, 0.19 mmol) ࢆຍ࠼ ,  
ᐊ ࡟࡚⤊ኪ᧠ᢾࡋࡓ . ࡑࡢᚋ , ཯ᛂᾮࢆࢪࢡ࣓ࣟࣟࢱ࡛ࣥᕼ㔘ࡋ , 㣬࿴
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NaHCO3 Ỉ⁐ᾮ , 㣬࿴ NaCl Ỉ⁐ᾮ࡛Ὑίࡋࡓ .   Ὑίࡋࡓ᭷ᶵᒙࢆ MgSO4
࡛஝⇱ࡋ , ῶᅽୗ⁐፹ࢆ␃ཤࡋࡓ .  ࣇࣛࢵࢩࣗࢩࣜ࢝ࢤ࣒ࣝ࢝ࣛࢡ࣐ࣟࢺ
ࢢࣛࣇ࢕࣮  (ZIP 30 g, Hexane/AcOEt = 85/15 Ѝ  70/30) ࡛⢭〇ࡋ ,  ໬ྜ≀
50 (969 mg, 1.18 mmol, 60.8%) ࢆᚓࡓ .  
1H-NMR (500 MHz, CHLOROFORM-d) δ 8.02-7.97 (m, 3H), 7.91-7.88 (m, 1H), 
7.67 (s, 1H), 7.59-7.57 (m, 1H), 7.39 (t, J = 8.0 Hz, 1H), 7.20 (s, 2H), 6.94 (d, J  
= 8.6 Hz, 2H), 6.38 (dd, J = 6.3, 5.7 Hz, 1H), 5.67 (dd, J = 7.5, 6.9 Hz, 1H), 4.76 
(s, 2H), 4.29 (sep, J = 6.9 Hz, 2H), 3.88 (s, 3H), 2.97-2.86 (m, 2H), 2.51 (ddd, J  
= 13.2, 7.5, 5.2 Hz, 1H), 1.91 (s, 3H), 1.32 -1.24 (m, 18H) 
13C-NMR (126 MHz, CHLOROFORM-d) δ 166.7, 165.0, 164.5, 164.2, 154.5, 
153.2, 151.2, 141.6, 135.0, 133.9, 132.2, 130.52, 130.47, 130.1, 129.8, 127.8, 
124.1, 120.6, 113.9, 104.6, 97.6, 86.7, 72.4, 65.5, 55.5, 37.1, 34.3, 29.6, 24.5, 
24.4, 23.5, 12.2 
MS (ESI) m/z (M+Na)+calcd. 844.2395; found 844.2392 
 
4′-C-Azido-2′-deoxy-5-methylcytidine (39) 
໬ྜ≀ 50 (720 mg, 0.876 mmol) ࢆྵࡴ THF ⁐ᾮ  (12.0 mL) ࡟ 28%࢔ࣥ
ࣔࢽ࢔Ỉ⁐ᾮ  (20.0 mL) ࢆຍ࠼ ,  ᐊ ࡟࡚⤊ኪ᧠ᢾࡋࡓ . ࡑࡢᚋ , ῶᅽୗ
⁐፹ࢆ␃ཤࡋ ,  ᚓࡽࢀࡓṧ´࡟ 40%࣓ࢳࣝ࢔࣑࣓ࣥࢱࣀ࣮ࣝ⁐ᾮ  (10.0 
mL) ࢆຍ࠼ ,  ᐊ ࡟࡚⤊ኪ᧠ᢾࡋࡓ . ῶᅽୗ⁐፹ࢆ␃ཤࡋ , ᚓࡽࢀࡓṧ´
ࢆࣇࣛࢵࢩࣗࢩࣜ࢝ࢤ࣒ࣝ࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  (ZIP 30 g, DCM/MeOH 
= 87/13 Ѝ  79/21 Ѝ  70/30) ࡛⢭〇ࡋ , ໬ྜ≀ 39 (68 mg 0.241 mmol, 27.5%) 
ࢆᚓࡓ .  
1H-NMR (500 MHz, METHANOL-d4) δ 7.78 (s, 1H), 6.37 (dd, J = 7.5, 4.0 Hz, 
1H), 4.53 (dd, J = 8.0, 7.5 Hz, 1H), 3.83 (d, J = 12.0 Hz, 1H), 3.76 (d, J = 12.0 
Hz, 1H), 2.47 (ddd, J  =13.8, 8.0, 7.5 Hz, 1H), 2.34 (ddd, J = 13.8, 7.5, 4.0 Hz, 
1H), 1.96 (s, 3H) 
13C-NMR (126 MHz, METHANOL-d4) δ  167.4, 158.1, 139.9, 104.6, 101.3, 86.7, 
72.0, 63.7, 39.4, 13.3 
MS (ESI) m/z (M+Na)+calcd. 305.0974; found 305.0930 
 
4′-C-Azido-4-O-methylthymidine (40)  
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໬ྜ≀ 50  (300 mg, 0.365 mmol) ࢆྵࡴ 1,4-ࢪ࢜࢟ࢧࣥ⁐ᾮ  (7.00 mL) ࡟
1,4-ࢪ࢔ࢨࣅࢩࢡࣟ [2.2.2]࢜ࢡࢱࣥ  (81.0 mg, 0.720 mmol), MS 3Å (600 mg) 
ࢆຍ࠼ ,  ᐊ ࡛ 30 ศ᧠ᢾࡋࡓ . ࡑࡢᚋ , ࣓ࢱࣀ࣮ࣝ  (165 μL, 4.07 mmol), 
DBU (161 μL, 1.08 mmol) ࢆຍ࠼ , ᐊ ࡛⤊ኪ᧠ᢾࡋࡓ . ཯ᛂᾮࢆࢭࣛ࢖ࢺ
ࣃࢵࢻ࡟࡚ࢁ㐣ࡋ ,ࢁᾮࡣῶᅽୗ⁐፹ࢆ␃ཤࡋࡓ . ࣇࣛࢵࢩࣗࢩࣜ࢝ࢤࣝ
࣒࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  (Hi-flash 14 g, DCM/MeOH = 99/1 Ѝ  93/7 ) ࡛
⢭〇ࡋ ,  ໬ྜ≀ 40 (40 mg, 0.135 mmol, 37.0%) ࢆᚓࡓ .  
1H-NMR (500 MHz, METHANOL-d4) δ  7.99 (d, J  = 1.2 Hz, 1H), 6.25 (dd, J  = 
7.5, 4.0 Hz, 1H), 4.43 (dd, J = 8.0, 7.5Hz, 1H), 3.87 (s, 3H), 3.76 (d, J = 12.0 
Hz, 1H), 3.68 (d, J  = 12.0 Hz), 2.43 (ddd, J = 13.8, 8.0, 7.5 Hz, 1H), 2.26 (ddd, 
J = 13.8, 7.5, 4.0 Hz, 1H), 1.88 (d, J  = 1.2 Hz, 3H) 
13C-NMR (126 MHz, METHANOL-d4) δ  172.6, 158.0, 141.9, 106.8, 101.5, 87.2, 
71.7, 63.4, 55.2, 39.5, 12.2  
MS (ESI) m/z (M+Na)+calcd. 320.0971; found 320.0974 
 
4′-C-Azido-4-O-ethylthymidine (41)  
໬ྜ≀ 50  (218 mg, 0.265 mmol) ࢆྵࡴ 1,4-ࢪ࢜࢟ࢧࣥ⁐ᾮ  (5.30 mL) ࡟
1,4-ࢪ࢔ࢨࣅࢩࢡࣟ [2.2.2]࢜ࢡࢱࣥ  (59.0 mg, 0.530 mmol), MS 3Å (200 mg) 
ࢆຍ࠼ ,  ᐊ ࡛ 30 ศ᧠ᢾࡋࡓ . ࡑࡢᚋ , ࢚ࢱࣀ࣮ࣝ  (154 μL, 2.65 mmol), 
DBU (99.0 μL, 0.663 mmol) ࢆຍ࠼ , ᐊ ࡛⤊ኪ᧠ᢾࡋࡓ .  ཯ᛂᾮࢆࢭࣛ࢖
ࢺࣃࢵࢻ࡟࡚ࢁ㐣ࡋ , ࢁᾮࡣῶᅽୗ⁐፹ࢆ␃ཤࡋࡓ .  ࣇࣛࢵࢩࣗࢩࣜ࢝ࢤ
࣒ࣝ࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  (SNAP 10 g, DCM/MeOH = 99/1 Ѝ  93/7) ࡛
⢭〇ࡋ ,  ໬ྜ≀ 41 (27.0 mg, 0.0867 mmol, 32.7%) ࢆᚓࡓ .  
1H-NMR (500 MHz, METHANOL-d4) δ  7.98 (d, J  = 1.2 Hz, 1H), 6.25 (dd, J  = 
7.5, 4.0 Hz, 1H), 4.43 (dd, J  = 8.0, 7.5 Hz, 1H), 4.32 (q, J  = 6.9 Hz, 2H), 3.76 
(d, J  = 12.0Hz, 1H), 3.68 (d, J = 12.0 Hz, 1H), 2.43 (ddd, J = 13.8, 8.0, 7.5 Hz), 
2.30 (ddd, J  = 13.8, 7.5, 4.0 Hz, 1H), 1.87 (d, J = 1.2 Hz, 3H), 1.28 (t, J  = 6.9 
Hz, 3H) 
13C-NMR (126 MHz, METHANOL-d4) δ  170.7, 156.5, 140.3, 105.4, 100.0, 85.6, 
70.1, 63.1, 61.9, 38.0, 13.0, 10.7  
MS (ESI) m/z (M+Na)+calcd. 334.1127; found 334.1157 
 
4′-C-Azido-2′-deoxy-4-N,  5-dimethylcytidine (42)  
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໬ྜ≀ 50 (101 mg, 0.123 mmol) ࢆྵࡴ 30%࣓ࢳࣝ࢔࣑࢚ࣥࢱࣀ࣮ࣝ⁐ᾮ  
(10.0 mL) ࢆ 70Υ࡛⤊ኪ᧠ᢾࡋࡓ . ᐊ ࡲ࡛෭༷ࡋࡓᚋ ,  ῶᅽୗ⁐፹ࢆ␃
ཤࡋ , ᚓࡽࢀࡓṧ´ࢆࣇࣛࢵࢩࣗ࢔࣑ࣀࢩࣜ࢝ࢤ࣒ࣝ࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ
࢕࣮  (Hi-flash 14 g, DCM/MeOH = 92/8 Ѝ  85/15) ࡛⢭〇ࡋ , ໬ྜ≀ 42  
(30.0 mg, 0.101 mmol, 82.1%) ࢆᚓࡓ .  
1H-NMR (500 MHz, METHANOL-d4) δ  7.67 (s, 1H), 6.39 (dd, J = 7.5, 4.0 Hz, 
1H), 4.53 (dd, J = 7.7, 7.2 Hz, 1H), 3.82 (d, J = 12.0 Hz, 1H), 3.75 (d, J = 12.0 
Hz, 1H), 2.93 (s, 3H), 2.27-2.17 (m, 2H), 1.92 (s, 3H) 
13C-NMR (126 MHz, METHANOL-d4) δ  165.4, 158.4, 138.1, 105.3, 101.2, 86.5, 
72.1, 63.7, 39.3, 28.3, 13.2  
MS (ESI) m/z (M+Na)+calcd. 319.1131; found 319.1109 
 
4′-C-Azido-2′-deoxy-4-N-ethyl-5-methylcytidine (43) 
໬ྜ≀ 50  (151 mg, 0.184 mmol) ࢆྵࡴ 2M ࢚ࢳࣝ࢔࣑࢚ࣥࢱࣀ࣮ࣝ⁐ᾮ  
(10.0 mL) ࢆ 70Υ࡛⤊ኪ᧠ᢾࡋࡓ . ᐊ ࡲ࡛෭༷ࡋࡓᚋ ,  ῶᅽୗ⁐፹ࢆ␃
ཤࡋ , ᚓࡽࢀࡓṧ´ࢆࣇࣛࢵࢩࣗࢩࣜ࢝ࢤ࣒ࣝ࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  
(Presep 13 g, DCM/MeOH = 93/7 Ѝ  85/15) ࡛⢭〇ࡋ , ໬ྜ≀ 43 (40.0 mg, 
0.129 mmol, 70.1%) ࢆᚓࡓ .  
1H-NMR (500 MHz, METHANOL-d4) δ  7.67 (s, 1H), 6.39 (dd, J = 7.5, 4.6 Hz, 
1H), 4.53 (dd, J = 8.0, 7.5 Hz, 1H), 3.82 (d, J = 12.0 Hz, 1H), 3.75 (d, J = 12.0 
Hz, 1H), 3.47 (q, J = 7.5 Hz, 2H), 2.48-2.42 (m, 1H), 2.33 (ddd, J = 13.8, 7.5, 
4.6 Hz), 1.93 (s, 3H), 1.19 (t, J = 7.5 Hz, 3H) 
13C-NMR (126 MHz, METHANOL-d4) δ  164.7, 158.5, 138.4, 105.3, 101.2, 86.6, 
72.1, 63.7, 39.4, 36.8, 14.7, 13.3  
MS (ESI) m/z (M+Na)+calcd. 333.1287; found 333.1322 
 
4′-C-Azido-4-N-cyclopropyl-2′-deoxy-5-methylcytidine (44) 
໬ྜ≀ 50  (210 mg, 0.255 mmol) ࢆྵࡴ 1,4-ࢪ࢜࢟ࢧࣥ⁐ᾮ  (7.50 mL) ࡟
1,4-ࢪ࢔ࢨࣅࢩࢡࣟ [2.2.2]࢜ࢡࢱࣥ  (57.0 mg, 0.510 mmol), MS 3Å (200 mg) 
ࢆຍ࠼ , ᐊ ࡛ 30 ศ᧠ᢾࡋࡓ . ࡑࡢᚋ ,  ࢩࢡࣟࣉࣟࣆࣝ࢔࣑ࣥ (179 μL, 
2.55 mmol), DBU (95 μL, 0.637 mmol) ࢆຍ࠼ , ᐊ ࡛⤊ኪ᧠ᢾࡋࡓ .  ཯ᛂᾮ
ࢆࢁ㐣ࡋ ,ࢁᾮࡣῶᅽୗ⁐፹ࢆ␃ཤࡋࡓ . ᚓࡽࢀࡓṧ´࡟ 7M ࢔ࣥࣔࢽ࢔ᛶ
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࣓ࢱࣀ࣮ࣝ⁐ᾮ  (10mL) ࢆຍ࠼ , 60Υ࡛ 10 ᫬㛫᧠ᢾࡋࡓ .  ᐊ ࡲ࡛෭༷ࡋ
ࡓᚋ , ෌ࡧῶᅽୗ⁐፹ࢆ␃ཤࡋ ,  ᚓࡽࢀࡓṧ´ࢆࣇࣛࢵࢩࣗࢩࣜ࢝ࢤࣝ࢝
࣒ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  (Hi-flash 14 g, DCM/MeOH = 96/4 Ѝ  90/10) ࡛⢭
〇ࡋ , ໬ྜ≀ 44 (17.0 mg, 0.0536 mmol, 21.0%) ࢆᚓࡓ .  
1H-NMR (500 MHz, METHANOL-d4) δ 7.70 (d, J =1.2 Hz, 1H), 6.39 (dd, J  = 
7.5, 4.0 Hz, 1H), 4.53 (dd, J  = 8.0, 7.5 Hz, 1H), 3.83 (d, J  = 12.0 Hz, 1H), 3.76 
(d, J = 12.0 Hz, 1H), 2.91-2.87 (m, 1H), 2.47 (ddd, J  = 13.8, 8.0, 7.5 Hz, 1H), 
2.34 (ddd, J  = 13.8, 7.5, 4.0 Hz, 1H), 1.91 (d, J  = 1.2 Hz, 3H), 0.82-0.78 (m, 2H), 
0.63-0.59 (m, 2H) 
13C-NMR (126 MHz, METHANOL-d4) δ  166.4, 158.2, 138.5, 105.2, 101.2, 86.6, 
72.0, 63.7, 39.4, 25.2, 13.2, 7.2  
MS (ESI) m/z (M+Na)+calcd. 345.1287; found 345.1311 
 
➨ 3 ❶ 4′-⨨᥮࢖ࢯࢾࢡࣞ࢜ࢩࢻ࡟㛵ࡍࡿ᳨ウ  
 
1,2-O-Isopropylidene-α-L-xylofuranose (61) 
L-࢟ࢩ࣮ࣟࢫ  (9.70 g, 64.6 mmol) ࢆྵࡴ࢔ࢭࢺࣥ  (260 mL) ⁐ᾮ࡟⃰◲
㓟  (9.70 mL, 175 mmol) ࢆຍ࠼ , ᐊ ࡛ 1.5 ᫬㛫᧠ᢾࡋࡓ . ࡑࡢᚋ , ཯ᛂᾮ
࡟Ỉ  (200 mL), Na2CO3 (13.5 g, 127 mmol), NaHCO3 (25.2 g, 300 mmol) ࢆຍ
࠼࡚୰࿴ࡋ ,  ῶᅽୗ⁐፹ࢆ␃ཤࡋࡓ . ࢩࣜ࢝ࢤ࣒ࣝ࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕
࣮  (500 g, DCM/MeOH = 98/2 → 91/9) ࡟ࡼࡾ⢭〇ࡋ ,  ໬ྜ≀ 61 (10.8 g, 56.6 
mmol, ཰⋡  87.6%) ࢆᚓࡓ .  
1H-NMR (500 MHz, CHLOROFORM-d) δ 5.99 (d, J  = 3.4 Hz, 1H), 4.53 (d, J = 
3.4 Hz, 1H), 4.34 (d, J = 2.9 Hz, 1H), 4.19-4.10 (m, 2H), 4.05 (dd, J = 12.6, 2.9 
Hz, 1H), 2.96 (br, 1H), 1.49 (s, 3H), 1.33 (s, 3H)  
᪤▱໬ྜ≀࡛࠶ࡾ ,  ཧ⪃ᩥ⊩  [84] ࡢ 1H-NMR ࡜ࢫ࣌ࢡࢺࣝࢹ࣮ࢱࡣ୍⮴
ࡋࡓ .  
 
1,2-O-Isopropylidene-3-O-(4-methoxybenzyl)-α-L-xylofuranose (62) 
໬ྜ≀ 61  (11.1 g, 58.4 mmol) ࢆྵࡴࣆࣜࢪࣥ⁐ᾮ  (290 mL) ࡟ 4, 4´-ࢪ
࣓ࢺ࢟ࢩࢺࣜࢳࣝࢡࣟࣛ࢖ࢻ  (21.8 g, 64.3 mmol) ࢆຍ࠼ ,  ᐊ ࡛ 1 ᫬㛫᧠
ᢾࡋࡓ . ࡑࡢᚋ , ཯ᛂᾮ࡟࣓ࢱࣀ࣮ࣝࢆຍ࠼࡚཯ᛂࢆ೵Ṇࡋࡓᚋ , ῶᅽୗ
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⁐፹ࢆ␃ཤࡋࡓ . ᚓࡽࢀࡓṧ´࡟㓑㓟࢚ࢳࣝࢆຍ࠼࡚ᕼ㔘ࡋ ,  㣬࿴
NaHCO3 Ỉ⁐ᾮ࡛Ὑίࡋࡓ .  Ὑίࡋࡓ᭷ᶵᒙࢆ MgSO4 ࡛஝⇱ࡋ , ῶᅽୗ⁐
፹ࢆ␃ཤࡋ࡚ࢪ࣓ࢺ࢟ࢩࢺࣜࢳࣝయࢆᚓࡓ .   
1,4-ࢪ࢜࢟ࢧ࡛ࣥඹἛࡋࡓࢪ࣓ࢺ࢟ࢩࢺࣜࢳࣝయࢆྵࡴ THF/DMF (1/1, 
v/v) ΰྜ⁐ᾮ  (292 mL) ࡟ 60%Ỉ⣲໬ࢼࢺ࣒ࣜ࢘ in oil  (2.80 g, 70.0 mmol) 
ࢆຍ࠼ , 0Υ࡟࡚ 1 ᫬㛫᧠ᢾࡋࡓᚋ , ཯ᛂᾮ࡟ 4-࣓ࢺ࢟ࢩ࣋ࣥࢪࣝࢡࣟࣛ࢖
ࢻ  (7.95 mL, 58.9 mmol) ࢆຍ࠼࡚ᐊ ࡛ 19 ᫬㛫᧠ᢾࡋࡓ .  ࡑࡢᚋ , ࣓ࢱࣀ
࣮ࣝࢆຍ࠼࡚཯ᛂࢆ೵Ṇࡋ , ῶᅽୗ⁐፹ࢆ␃ཤࡋࡓ .  ᚓࡽࢀࡓṧ´ࢆ㓑㓟
࢚ࢳࣝ࡟࡚ᕼ㔘ࡋ ,  㣬࿴ NaCl Ỉ⁐ᾮ࡛Ὑίࡋࡓ . MgSO4࡛஝⇱ࡋ ,  ῶᅽୗ
⁐፹ࢆ␃ཤࡋ࡚࣋ࣥࢪࣝయࢆᚓࡓ .  
࣋ࣥࢪࣝయࢆྵࡴࢪࢡ࣓ࣟࣟࢱࣥ⁐ᾮ  (281 mL) ࡟ p-ࢺ࢚ࣝࣥࢫࣝ࣍ࣥ
㓟୍Ỉ࿴≀  (3.80 g, 22.6 mmol) ࢆྵࡴ࣓ࢱࣀ࣮ࣝ⁐ᾮ  (95.0 mL) ࢆ 0Υ࡛
⁲ୗࡋࡓ . ⁲ୗࡀ⤊஢ࡋ࡚࠿ࡽ 20 ศ᧠ᢾࡋࡓᚋ , ཯ᛂᾮࢆ㣬࿴ NaHCO3Ỉ
⁐ᾮ࡟࡚Ὑίࡋ ,  MgSO4࡛஝⇱ࡋࡓ . ࡑࡢᚋ , ῶᅽୗ⁐፹ࢆ␃ཤࡋ ,  ᚓࡽࢀ
ࡓṧ´ࢆࢩࣜ࢝ࢤ࣒ࣝ࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  (500 g, Hexane/AcOEt = 
75/25 → 50/50) ࡟ࡼࡾ⢭〇ࡋࠊ໬ྜ≀ 62 (14.7 g, 47.2 mmol, 3 ᕤ⛬  80.8%) 
ࢆᚓࡓ .  
1H-NMR (500 MHz, DMSO-d6) δ 7.25 (d, J = 8.6 Hz, 2H), 6.91 (dt, J = 8.6, 2.3 
2H), 5.83 (d, J  = 3.4 Hz, 1H), 4.72 (t, J  = 5.7 Hz, 1H), 4.65 (d, J = 3.4 Hz, 1H), 
4.57 (d, J = 11.5 Hz, 1H), 4.42 (d, J = 11.5 Hz, 1H), 4.09-4.06 (m, 1H), 3.85 (d,  
J = 3.4 Hz, 1H), 3.74 (s, 3H), 3.64-3.53 (m, 2H), 1.39 (s, 3H), 1.25 (s,  3H) 
13C-NMR (126 MHz, DMSO-d6) δ 158.8 ,  129.9, 129.3, 113.7, 110.5, 104.4, 81.7, 
81.0, 80.8, 70.6, 58.7, 55.1, 26.6, 26.1 




໬ྜ≀ 62 (12.0 g, 38.6 mmol) ࢆྵࡴࢺ࢚ࣝࣥ⁐ᾮ  (72.0 mL) ࡟ DMSO 
(107 mL, 1.51 mol), ࣆࣜࢪࣥ  (6.20 mL, 76.8 mmol), EDC㺃HCl (22.1 g, 115 
mmol), TFA (3.72 mL, 48.6 mmol) ࢆຍ࠼ , ᐊ ࡛ 1 ᫬㛫᧠ᢾࡋࡓ .  ࡑࡢᚋ , 
཯ᛂᾮࢆ㓑㓟࢚ࢳ࡛ࣝᕼ㔘ࡋ , Ỉ , 㣬࿴ NaCl Ỉ⁐ᾮ࡛Ὑίࡋࡓ .  Ὑίࡋࡓ
᭷ᶵᒙࢆ MgSO4࡛஝⇱ࡋ ,  ῶᅽୗ⁐፹ࢆ␃ཤࡋ࡚࢔ࣝࢹࣄࢻయࢆᚓࡓ .  
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࢔ࣝࢹࣄࢻయࢆྵࡴ 1,4-ࢪ࢜࢟ࢧࣥ⁐ᾮ  (82.0 mL) ࡟ 37% HCHO Ỉ⁐
ᾮ  (28.6 mL, 352 mmol), 2mol/L NaOH Ỉ⁐ᾮ  (57.9 mL, 116 mmol) ࢆຍ࠼
࡚ᐊ ࡛⤊ኪ᧠ᢾࡋࡓ . ࡑࡢᚋ ,  ཯ᛂᾮࢆ 12.0 mol/L HCl Ỉ⁐ᾮ  (9.60 mL, 
115 mmol) ࡛୰࿴ࡋ , ῶᅽୗ⁐፹ࢆ␃ཤࡋࡓ .  ᚓࡽࢀࡓṧ´ࢆ㓑㓟࢚ࢳࣝ
࡛ᕼ㔘ࡋ , Ỉ ,  㣬࿴ NaCl Ỉ⁐ᾮ࡛Ὑίࡋࡓᚋ , MgSO4࡛஝⇱ࡋ࡚෌ࡧῶᅽ
ୗ⁐፹ࢆ␃ཤࡋࡓ .  ࢩࣜ࢝ࢤ࣒ࣝ࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  (500 g, 
Hexane/AcOEt = 60/40 → 50/50 → 40/60 → 30/70 → 0/100) ࡟ࡼࡾ⢭〇ࡋ ,  ໬
ྜ≀  63  (10.8 g, 31.8 mmol, 2 ᕤ⛬  82.3%) ࢆᚓࡓ .  
1H-NMR (500 MHz, DMSO-d6) δ 7.27 (d, J = 8.6 Hz, 2H), 6.91 (d, J  = 8.6 Hz, 
2H), 5.89 (d, J = 4.6 Hz, 1H), 4.80 (t, J = 5.7 Hz, 1H), 4.75 (dd, J = 4.6, 2.3 Hz, 
1H), 4.58 (d, J = 11.5 Hz, 1H), 4.45 (t, J  = 5.7 Hz, 1H), 4.41 (d, J = 11.5 Hz, 
1H), 4.02 (d, J = 2.3 Hz, 1H), 3.74 (s, 3H), 3.53-3.38 (m, 4H), 1.46 (s, 3H), 1.28 
(s, 3H) 
13C-NMR (126 MHz, DMSO-d6) δ 158.7 , 130.0, 129.1, 113.6, 111.9, 104.1, 89.8, 
85.8, 83.7, 71.1, 61.1, 60.9, 55.1, 27.3, 27.0 




࢔ࣝࢦࣥ㞺ᅖẼୗ , ໬ྜ≀  63 (2.50 g, 7.34 mmol) ࢆྵࡴࢪࢡ࣓ࣟࣟࢱ
ࣥ  (130 mL) ⁐ᾮ࡟ MS 3Å (1.40 g), DDQ (1.50 g, 6.61 mmol) ࢆຍ࠼ , 0Υ࡛
⤊ኪ᧠ᢾࡋࡓ .  ཯ᛂ⁐ᾮࢆࢭࣛ࢖ࢺࣃࢵࢻ࡟࡚ࢁ㐣ࡋࡓᚋ , ᚓࡽࢀࡓࢁᾮ
ࢆ㣬࿴ NaHCO3Ỉ⁐ᾮ , 㣬࿴ NaCl Ỉ⁐ᾮ࡛Ὑίࡋࡓ . ࡑࡢᚋ , MgSO4࡛஝
⇱ࡋ , ῶᅽୗ⁐፹ࢆ␃ཤࡋࡓ . ࣇࣛࢵࢩࣗࢩࣜ࢝ࢤࣝࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  
(ZIP 120 g, Hexane/AcOEt = 70/30 → 59/41 → 30/70) ࡟ࡼࡾ⢭〇ࡋ , ໬ྜ≀
64 (1.58 g, 4.67 mmol, 63.6%) ࢆᚓࡓ .  
1H-NMR (500 MHz, CHLOROFORM-d) δ 7.40 (d, J  = 8.6 Hz, 2H), 6.89 (d, J = 
8.6, 2H), 6.11 (d, J = 4.0 Hz, 1H), 5.41 (s, 1H), 4.70 (d, J = 4.0 Hz, 1H), 4.39 (d, 
J = 13.2 Hz, 1H), 4.38 (s, 1H), 4.02 (d, J  = 13.2 Hz, 1H), 3.97 (dd, J  = 12.0, 3.4 
Hz, 1H), 3.80 (s, 3H), 3.61 (dd, J  = 12.0, 9.7 Hz, 1H), 2.09 (dd, J = 9.7, 3.4 Hz, 
1H), 1.56 (s, 3H), 1.31 (s, 3H)  
13C-NMR (126 MHz, CHLOROFORM-d) δ 160.3, 130.0, 127.5, 113.8, 112.1, 
106.0, 99.0, 85.4, 82.5, 78.8, 70.3, 63.5, 55.4, 26.1, 25.4 
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໬ྜ≀ 64  (10.0 g, 29.6 mmol) ࢆྵࡴࢪࢡ࣓ࣟࣟࢱࣥ⁐ᾮ  (100 mL) ࡟
nor-AZADO (21 mg, 0.152 mmol), KBr (37 mg, 0.311 mmol), 㣬࿴ NaHCO3Ỉ
⁐ᾮ  (240mL), NaClO Ỉ⁐ᾮ  (26 mL) ࢆຍ࠼ , 0Υ࡛ 1.5 ᫬㛫᧠ᢾࡋࡓ .  ࡑ
ࡢᚋ , 10%Na2S2O3 Ỉ⁐ᾮ࡟࡚཯ᛂࢆ೵Ṇࡋ ,  ཯ᛂᾮ࠿ࡽࢪࢡ࣓ࣟࣟࢱ࡛ࣥ
ᢳฟࡋࡓᚋ , ᭷ᶵᒙࢆ㣬࿴ NaCl Ỉ⁐ᾮ࡛Ὑίࡋࡓ . Ὑίࡋࡓ᭷ᶵᒙࢆ
MgSO4࡛஝⇱ࡋ , ῶᅽୗ⁐፹ࢆ␃ཤࡋ࡚࢔ࣝࢹࣄࢻయࢆᚓࡓ .  
ࢺࣜࣇ࢙ࢽࣝ࣍ࢫࣇ࢕ࣥ  (38.8 g, 148 mmol), ᅄ⮯໬Ⅳ⣲  (24.5 g, 73.9 
mmol) ࢆྵࡴࢪࢡ࣓ࣟࣟࢱࣥ⁐ᾮ  (120 mL) ࢆ 0Υ࡛ 30 ศ᧠ᢾࡋࡓ . ࡑࡢ
ᚋ ,  ࢺ࢚࡛ࣝࣥඹἛࡋࡓ࢔ࣝࢹࣄࢻయࢆྵࡴࢪࢡ࣓ࣟࣟࢱࣥ⁐ᾮ  (120 
mL) ࢆ⁲ୗࡋ ,  0Υ࡛ 30 ศ᧠ᢾࡋࡓ .  ཯ᛂᾮࢆ㣬࿴ NaHCO3 Ỉ⁐ᾮ࡛Ὑί
ࡋ , MgSO4 ࡛஝⇱ࡋࡓᚋ , ῶᅽୗ⁐፹ࢆ␃ཤࡋࡓ . ࢩࣜ࢝ࢤࣝࢡ࣐ࣟࢺࢢ
ࣛࣇ࢕࣮  (500 g, Hexane/AcOEt = 80/20)  ࡛⢭〇ࡋࢪࣈࣟࣔࣅࢽࣝయࢆᚓࡓ .  
ࢪࣈࣟࣔࣅࢽࣝయࢆྵࡴ THF ⁐ᾮ  (77.0 mL) ࡟ 2.6 M n-BuLi in Hexane 
(12.0 mL, 31.2 mmol) ࢆຍ࠼ , -78Υ࡛ 1 ᫬㛫᧠ᢾࡋ , ࡉࡽ࡟ᐊ ࡟᪼ ࡋ࡚
1 ᫬㛫᧠ᢾࡋࡓ . ࡑࡢᚋ , ෌ࡧ -78Υ࡬෭༷ࡋ࡚ࢺࣜ࢖ࢯࣉࣟࣆࣝࢩࣜࣝࢡ
ࣟࣛ࢖ࢻ  (3.20 mL, 15.1 mmol) ࢆຍ࠼ , ෌ᗘᐊ ࡟᪼ ࡋ࡚ 1.5 ᫬㛫᧠ᢾ
ࡋࡓ .  ཯ᛂᾮࢆ㓑㓟࢚ࢳ࡛ࣝᕼ㔘ࡋ ,  Ỉ ,  㣬࿴ NaCl Ỉ⁐ᾮ࡛Ὑίࡋ , 
MgSO4 ࡛஝⇱ࡋࡓᚋ࡟ , ῶᅽୗ⁐፹ࢆ␃ཤࡋࡓ . ࣇࣛࢵࢩࣗࢩࣜ࢝ࢤࣝࢡ
࣐ࣟࢺࢢࣛࣇ࢕࣮  (ZIP 40 g, Hexane/AcOEt = 98/2 → 90/10) ࡟ࡼࡾ⢭〇ࡋ , 
໬ྜ≀ 65  (4.43 g, 9.06 mmol, 3 ᕤ⛬ 30.6%) ࢆᚓࡓ .  
1H-NMR (500 MHz, CHLOROFORM-d) δ  7.39 (d, J  = 8.6 Hz, 2H), 6.89 (d, J = 
8.6, 2H), 6.08 (d, J  = 3.4 Hz, 1H), 5.47 (s, 1H), 4.66 (d, J  = 3.4 Hz, 1H), 4.62 (s, 
1H), 4.42 (d, J  = 12.6 Hz, 1H), 4.11 (d, J  = 12.6 Hz, 1H),  1.68 (s, 3H), 1.32 (s, 
3H), 1.09-1.05 (m, 21H) 
13C-NMR (126 MHz, CHLOROFORM-d) δ 160.4, 129.8, 127.6, 113.8, 113.2, 
106.8, 104.7, 99.3, 90.4, 85.0, 82.9, 74.5, 72.8, 55.5, 26.0, 26.0, 18.3, 11.8 





໬ྜ≀ 65  (3.80 g, 7.78 mmol) ࡢ 70% 㓑㓟Ỉ⁐ᾮ  (59 mL) ࢆ 40Υ࡛⤊ኪ
᧠ᢾࡋ , ᐊ ࡲ࡛෭༷ࡋࡓᚋ , ῶᅽୗ⁐፹ࢆ␃ཤࡋࡓ .  ࣇࣛࢵࢩࣗࢩࣜ࢝
ࢤ࣒ࣝ࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  (Hi-flash 45 g, Hexane/AcOEt = 85/15 → 
75/25 → 60/40) ࡛⢭〇ࡋ ,  ໬ྜ≀ 66 (1.18 g, 3.18 mmol, 40.9%) ࢆᚓࡓ .  
1H-NMR (500 MHz, CHLOROFORM-d) δ 6.00 (d, J  = 3.4 Hz, 1H), 4.60-4.59 (m, 
2H), 4.10 (d, J = 5.2 Hz, 1H), 3.99-3.92 (m, 2H), 2.74 (dd, J = 7.5, 6.3 Hz, 1H), 
1.64 (s, 3H), 1.33 (s, 3H), 1.09-1.02 (m, 21H) 
13C-NMR (126 MHz, CHLOROFORM-d) δ 113.4, 106.1, 105.5, 89.6, 87.3, 82.4, 
82.0, 66.5, 26.5, 26.4, 18.6, 11.1 




໬ྜ≀ 66 (100 mg, 0.270 mmol) ࢆྵࡴࢪࢡ࣓ࣟࣟࢱࣥ⁐ᾮ  (2.00 mL) ࡟
tert-ࣈࢳࣝࢪࣇ࢙ࢽࣝࢩࣜࣝࢡࣟࣛ࢖ࢻ  (69.0 μL, 0.269 mmol), DMAP (2 
mg, 0.0164 mmol), ࢺ࢚ࣜࢳࣝ࢔࣑ࣥ  (65.0 μL, 0.469 mmol) ࢆຍ࠼ , 25Υ࡛
⤊ኪ᧠ᢾࡋࡓ . ࡑࡢᚋ , ཯ᛂᾮࢆࢪࢡ࣓ࣟࣟࢱ࡛ࣥᕼ㔘ࡋ , 㣬࿴ NaHCO3
Ỉ⁐ᾮ ,  㣬࿴ NaCl Ỉ⁐ᾮ࡛Ὑίࡋ , MgSO4 ࡛஝⇱ࡋࡓ .  ࡑࡢᚋ ,  ῶᅽୗ⁐
፹ࢆ␃ཤࡋ , ᚓࡽࢀࡓṧ´ࢆࣇࣛࢵࢩࣗࢩࣜ࢝ࢤ࣒ࣝ࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ
࢕࣮  (Presep 13 g, Hexane/AcOEt = 95/5 Ѝ  85/15 Ѝ  70/30) ࡛⢭〇ࡋ , ໬
ྜ≀ 67 (97.4 mg, 0.160 mmol, 59.3%) ࢆᚓࡓ .  
1H-NMR (500 MHz, CHLOROFORM-d) δ 7.71-7.66 (m, 4H), 7.48-7.39 (m, 6H), 
6.04 (d, J = 4.0 Hz, 1H), 4.67 (d, J = 6.9 Hz, 1H), 4.63 (d, J = 4.0, 1H), 4.18 (d, 
J = 6.9 Hz, 1H), 4.05 (d, J = 10.9 Hz, 1H), 3.93 (d, J  = 10.9 Hz, 1H), 1.64 (s, 
3H), 1.36 (s, 3H), 1.06 (s, 9H), 1.00 (s, 21H)  
13C-NMR (126 MHz, CHLOROFORM-d) δ 135.7 , 131.9, 130.3, 128.1, 113.4, 
105.9, 105.6, 88.7, 88.1, 83.6, 82.3, 68.3, 31.7, 26.9, 22.8, 18.9, 14.3, 11.2 




໬ྜ≀ 67  (564 mg, 0.926 mmol) ࢆྵࡴࢪࢡ࣓ࣟࣟࢱࣥ⁐ᾮ  (11.0 mL) ࡟
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nor-AZADO (7.0 mg, 0.0507 mmol), KBr (6.0 mg, 0.0924 mmol) 㣬࿴ NaHCO3
Ỉ⁐ᾮ  (27.0 mL), NaClO Ỉ⁐ᾮ  (7.80 mL) ࢆຍ࠼ ,  0Υ࡛ 30 ศ᧠ᢾࡋࡓ . 
ࡑࡢᚋ ,  ཯ᛂᾮ࡟ 10%Na2S2O3 Ỉ⁐ᾮࢆຍ࠼ ,  ཯ᛂࢆ೵Ṇࡋࡓ . ࡉࡽ࡟ ,  ཯
ᛂᾮࢆࢪࢡ࣓ࣟࣟࢱࣥ࡟࡚ᢳฟࡋ , ᭷ᶵᒙࢆ㣬࿴ NaCl Ỉ⁐ᾮ࡛Ὑίࡋࡓ . 
Ὑίࡋࡓ᭷ᶵᒙࢆ MgSO4࡛஝⇱ࡋ ,  ῶᅽୗ⁐፹ࢆ␃ཤࡋ࡚࢔ࣝࢹࣄࢻయࢆ
ᚓࡓ .  
࣓ࢳࣝࢺࣜࣇ࢙ࢽࣝ࣍ࢫ࣍ࢽ࣒࢘ࣈ࣑ࣟࢻ  (1.01 g, 2.83 mmol) ࢆྵࡴ
THF ⁐ᾮ  (40.0 mL) ࡟ tert-ࣈࢺ࢟ࢩ࣒࢝ࣜ࢘  (321 mg, 2.86 mmol) ࢆຍ࠼ , 
ᐊ ࡛ 2 ᫬㛫᧠ᢾࡋࡓ . ࡑࡢᚋ , ཯ᛂᾮ࡟࢔ࣝࢹࣄࢻయࢆຍ࠼ , ᐊ ࡛ 1
᫬㛫᧠ᢾࡋࡓ .  ཯ᛂᾮࢆ㓑㓟࢚ࢳ࡛ࣝᕼ㔘ࡋ ,  Ỉ , 㣬࿴ NaCl Ỉ⁐ᾮ࡛Ὑί
ࡋࡓᚋ ,  MgSO4࡛஝⇱ࡋࡓ .  ࡑࡢᚋ , ῶᅽୗ⁐፹ࢆ␃ཤࡋ ,  ᚓࡽࢀࡓṧ´ࢆ
ࣇ ࣛ ࢵ ࢩ ࣗ ࢩ ࣜ ࢝ ࢤ ࣝ ࢝ ࣛ ࣒ ࢡ ࣟ ࣐ ࢺ ࢢ ࣛ ࣇ ࢕ ࣮  (Hi-flash 45 g, 
Hexane/AcOEt = 100/0 Ѝ  99/1 Ѝ  95/5) ࡛⢭〇ࡋ , ໬ྜ≀ 68 (403 mg, 
0.666 mmol, 2 ᕤ⛬ 71.9%) ࢆᚓࡓ .  
1H-NMR (500 MHz, CHLOROFORM-d) δ 7.68-7.62 (m, 4H), 7.44-7.38 (m, 6H), 
6.04 (d, J = 4.6 Hz, 1H), 5.62 (d, J  = 1.7 Hz, 1H), 5.45 (d,  J  = 1.7 Hz, 1H), 5.16-
5.15 (m, 1H), 3.84 (d, J  = 9.7 Hz, 1H), 3.58 (d, J  = 9.7 Hz, 1H), 1.59 (s, 3H), 
1.45 (s, 3H), 1.01-0.99 (m, 30H) 
13C-NMR (126 MHz, CHLOROFORM-d) δ 150.8, 135.7 , 132.8, 130.0, 128.0, 
113.6, 113.5, 105.4, 104.9, 88.0, 83.9, 82.0, 72.1, 30.5, 28.1, 27.6, 26.9, 18.9, 
11.2 




໬ྜ≀ 68  (403 mg, 0.666 mmol) ࢆྵࡴࢪࢡ࣓ࣟࣟࢱࣥ⁐ᾮ  (6.60 mL) ࡟
ࢺ࢚ࣜࢳࣝࢩࣛࣥ  (318 μL, 2.00 mmol), ୕ࣇࢵ໬࣍࢘⣲࢚ࢳ࢚࣮ࣝࢸࣝ  
(254 μL, 2.00 mmol) ࢆຍ࠼ , 0Υ࡛ 4 ᫬㛫᧠ᢾࡋࡓ . ࡑࡢᚋ , ཯ᛂᾮࢆࢪࢡ
࣓ࣟࣟࢱ࡛ࣥᕼ㔘ࡋ , 㣬࿴ NaHCO3 Ỉ⁐ᾮ ,  㣬࿴ NaCl Ỉ⁐ᾮ࡛Ὑίࡋࡓ .  
Ὑίࡋࡓ᭷ᶵᒙࢆ MgSO4 ࡛஝⇱ࡋࡓᚋ , ῶᅽୗ⁐፹ࢆ␃ཤࡋࡓ .  ࣇࣛࢵࢩ
ࣗࢩࣜ࢝ࢤ࣒ࣝ࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  (Universal  16 g, Hexane/AcOEt = 
95/5 Ѝ  90/10) ࡛⢭〇ࡋ ,  ໬ྜ≀ 69 (238 mg, 0.434 mmol, 65.2%) ࢆᚓࡓ .  
1H-NMR (500 MHz, DMSO-d6) δ 7.64-7.62 (m, 4H), 7.49-7.40 (m, 6H), 5.58 (d, 
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J = 5.7 Hz, 1H), 5.32 (d, J  = 2.3 Hz, 1H), 5.27 (d, J = 2.3 Hz, 1H), 4.57-4.53 (m, 
1H), 4.04 (t,  J = 7.5 Hz, 1H), 3.61 (s, 2H), 3.43 (t, J  = 8.6 Hz, 1H), 1.04-0.99 
(m, 30H) 
13C-NMR (126 MHz, DMSO-d6) δ 153.4, 135.1, 132.5, 129.9, 127.8, 108.5, 107.8, 
85.0, 80.4, 71.6, 70.5, 69.5, 26.5, 18.8, 18.4, 10.5 




໬ྜ≀ 69 (54.8 mg, 0.0998 mmol) ࢆྵࡴ  THF ⁐ᾮ  (1.00 mL) ࡟ࢺࣜࣇ
࢙ࢽࣝ࣍ࢫࣇ࢕ࣥ  (39.3 mg, 0.150 mmol), N2-࢔ࢭࢳࣝ -O6-(ࢪࣇ࢙ࢽࣝ࢔࣑
ࣀ࢝ࣝ࣎ࢽࣝ ) ࢢ࢔ࢽࣥ  (58.0 mg, 0.150 mmol), ࢔ࢰࢪ࢝ࣝ࣎ࣥ㓟ࢪ࢖ࢯ
ࣉࣟࣆࣝ  (27.7 μL, 0.150 mol) ࢆຍ࠼ , ᐊ ࡛ 1 ᫬㛫᧠ᢾࡋࡓ . ࡑࡢᚋ ,  ཯
ᛂᾮࢆࢁ㐣ࡋ ,  ࢁᾮࡣῶᅽୗ⁐፹ࢆ␃ཤࡋࡓ . ࣇࣛࢵࢩࣗࢩࣜ࢝ࢤࣝ࢝ࣛ
࣒ࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  (SNAP 10 g, Hexane/AcOEt = 80/20 Ѝ  70/30) ࡛⢭
〇ࡋ , ໬ྜ≀ 70 (73.3 mg, 0.0797 mmol, 79.9%) ࢆᚓࡓ .  
1H-NMR (500 MHz, CHLOROFORM-d) δ 7.97 (br, 2H), 7.69 -7.65 (m, 4H), 7.43-
7.26 (m, 15H), 5.68 (br, 1H), 5.56 (s, 1H), 5.43 (s, 1H), 4.45 (dd, J = 10.3, 6.3 
Hz), 4.15 (dd, J = 10.3, 2.3 Hz, 1H), 3.92 (s, 2H), 2.54 (s, 3H), 1.07 -1.04 (m, 
30H) 
13C-NMR (126 MHz, CHLOROFORM-d) δ 156.4, 155.1, 152.2, 150.6, 148.6, 
142.3, 135.8, 135.7, 132.8, 132.7, 130.1, 130.0, 129.3, 127.93, 127.91, 120.7, 
114.8, 105.6, 88.1, 81.1, 71.1, 68.4, 57.0, 27.0, 25.3, 19.4, 18.7 , 11.3 
MS (ESI) m/z (M+Na)+calcd. 941.4218; found 941.4191  
 
[(2′R,4′S)-2′,3′-Dideoxy-4′-C-ethynyl-3′-C-methylene]isoguanosine (57)  
໬ྜ≀ 70 (138 mg, 0.150 mmol) ࢆྵࡴ㣬࿴࢔ࣥࣔࢽ࢔ᛶ࣓ࢱࣀ࣮ࣝ⁐ᾮ  
(2.00 mL) ࢆ 80Υ࡛⤊ኪ᧠ᢾࡋࡓ . ᐊ ࡲ࡛෭༷ࡋࡓᚋ ,  ῶᅽୗ⁐፹ࢆ␃
ཤࡋ , ᚓࡽࢀࡓṧ´ࢆ THF (1.50 mL) ࡛ᕼ㔘ࡋࡓ . ṧ´ࡢ THF ⁐ᾮ࡟ 1M 
TBAF/THF (900 μL, 0.900 mmol) ࢆຍ࠼ , 40Υ࡛ 2 ᫬㛫᧠ᢾࡋࡓ . ᐊ ࡲ࡛
෭༷ࡋࡓᚋ ,  ῶᅽୗ⁐፹ࢆ␃ཤࡋ ,  ᚓࡽࢀࡓṧ´ࢆࣇࣛࢵࢩࣗࢩࣜ࢝ࢤࣝ
࣒࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  (SNAP 10 g, AcOEt/MeOH = 93/7 Ѝ  85/15) ࡛
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⢭〇ࡋ ,  ໬ྜ≀ 57 (41.2 mg, 0.143 mmol, 95.3%) ࢆᚓࡓ .  
1H-NMR (500 MHz, METHANOL-d4) δ 7.93 (s, 1H), 5.59 -5.57 (m, 1H), 5.51 (s, 
1H), 5.48 (s, 1H), 4.36 (dd, J = 10.3, 6.3 Hz, 1H), 4.22 (dd, J  = 10.3, 2.9 Hz, 
1H), 3.93 (d, J = 12.0 Hz, 1H), 3.88 (d, J = 12.0 Hz, 1H), 3.06 (s, 1H)  
13C-NMR (126 MHz, METHANOL-d4) δ 159.4, 155.4, 153.0, 150.1, 138.1, 117.2, 
114.8, 83.2, 82.4, 75.9, 72.2, 67.9, 57.7 




໬ྜ≀ 64  (12.0 g, 35.5 mmol) ࢆྵࡴࢪࢡ࣓ࣟࣟࢱࣥ⁐ᾮ  (120 mL) ࡟
nor-AZADO (26.4 mg, 0.191 mmol), KBr (44.4 mg, 0.196 mmol), 㣬࿴ NaHCO3
Ỉ⁐ᾮ  (300 mL), NaClO Ỉ⁐ᾮ  (31 mL) ࢆຍ࠼ᐊ ࡛ 1 ᫬㛫᧠ᢾࡋࡓ . ࡑ
ࡢᚋ , 10%Na2S2O3 Ỉ⁐ᾮ࡛཯ᛂࢆ೵Ṇࡋ , ཯ᛂᾮ࠿ࡽࢪࢡ࣓ࣟࣟࢱ࡛ࣥᢳ
ฟࡋࡓ .  ᚓࡽࢀࡓ᭷ᶵᒙࢆ㣬࿴ NaClỈ⁐ᾮ࡛Ὑίࡋ , MgSO4࡛஝⇱ࡋࡓᚋ , 
ῶᅽୗ⁐፹ࢆ␃ཤࡋ࡚࢔ࣝࢹࣄࢻయࢆᚓࡓ .  
ࣆࣜࢪ࡛ࣥඹἛࡋࡓ࢔ࣝࢹࣄࢻయࢆྵࡴࣆࣜࢪࣥ⁐ᾮ  (180 mL) ࡟
NH2OH㺃HCl (4.92 g, 70.8 mmol) ࢆຍ࠼ , ᐊ ࡛ 1 ᫬㛫᧠ᢾࡋࡓ . ࡑࡢᚋ ,  
ῶᅽୗ⁐፹ࢆ␃ཤࡋ , ᚓࡽࢀࡓṧ´ࢆ㓑㓟࢚ࢳ࡛ࣝᕼ㔘ࡋࡓ . ṧ´ࢆྵࡴ
᭷ᶵᒙࢆ㣬࿴ NaCl Ỉ⁐ᾮ࡛Ὑίࡋ , MgSO4࡛஝⇱ࡋࡓᚋ , ῶᅽୗ⁐፹ࢆ␃
ཤࡋ࡚࢔ࣝࢻ࢟ࢩ࣒యࢆᚓࡓ .  
࢔ࢭࢺࢽࢺ࡛ࣜࣝඹἛࡋࡓ࢔ࣝࢻ࢟ࢩ࣒యࢆྵࡴ࢔ࢭࢺࢽࢺࣜࣝ⁐ᾮ  
(180 mL) ࡟ 1, 1 ′-࢝ࣝ࣎ࢽࣝࢪ࢖࣑ࢲࢰ࣮ࣝ  (11.5 g, 70.7 mmol) ࢆຍ࠼ ,  
ᐊ ࡛⤊ኪ᧠ᢾࡋࡓ . ࡑࡢᚋ , ῶᅽୗ⁐፹ࢆ␃ཤࡋ , ᚓࡽࢀࡓṧ´ࢆ㓑㓟
࢚ࢳ࡛ࣝᕼ㔘ࡋࡓ .  ṧ´ࢆྵࡴ᭷ᶵᒙࢆ㣬࿴ NaCl Ỉ⁐ᾮ࡛Ὑίࡋ , MgSO4
࡛஝⇱ࡋࡓᚋ ,  ῶᅽୗ⁐፹ࢆ␃ཤࡋࡓ . ࣇࣛࢵࢩࣗࢩࣜ࢝ࢤ࣒ࣝ࢝ࣛࢡࣟ
࣐ࢺࢢࣛࣇ࢕࣮  (ZIP 120 g, Hexane/AcOEt = 85/15 Ѝ  75/25) ࡟ࡼࡾ⢭〇ࡋ , 
໬ྜ≀ 71  (6.58 g, 19.7 mmol,  55.5%) ࢆᚓࡓ .  
1H-NMR (500 MHz, CHLOROFORM-d) δ 7.37 (d, J  = 8.6 Hz, 2H), 6.90 (d, J = 
8.6 Hz, 2H), 6.13 (d, J = 3.4 Hz, 1H), 5.46 (s, 1H),  4.75 (s, 1H), 4.72 (d, J = 3.4 
Hz, 1H), 4.56 (d, J = 13.2 Hz, 1H), 4.26 (d, J  = 13.2 Hz, 1H), 3.81 (s, 3H), 1.72 
(s, 3H), 1.35 (s, 3H) 
13C-NMR (126 MHz, CHLOROFORM-d) δ 160.7, 128.6, 127.5, 116.9, 114.0, 
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113.9, 107.3, 99.6, 83.8, 81.3, 71.9, 69.6, 55.5, 25.8, 25.0 
 
4-C-Cyano-1,2-O-isopropylidene-α-L-xylofuranose (72) 
໬ྜ≀ 71  (3.33 g, 9.99 mmol) ࡢ 70% 㓑㓟Ỉ⁐ᾮ  (70.0 mL) ࢆ 40Υ࡛⤊
ኪ᧠ᢾࡋࡓ .཯ᛂᾮࢆᐊ ࡲ࡛෭༷ࡋࡓᚋ , ῶᅽୗ⁐፹ࢆ␃ཤࡋࡓ . ࣇࣛࢵ
ࢩࣗࢩࣜ࢝ࢤࣝࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  (Hi-flash 45 g, Hexane/AcOEt = 50/50 
→ 30/70) ࡛⢭〇ࡋ ,  ໬ྜ≀ 72 (1.97 g, 9.15 mmol, 91.5%) ࢆᚓࡓ .  
1H-NMR (500 MHz, DMSO-d6) δ 6.10 (d, J = 5.7 Hz, 1H), 5.96 (d, J  = 3.4 Hz, 
1H), 5.45 (dd, J = 6.3, 5.7 Hz, 1H), 4.57 (d, J = 3.4 Hz, 1H), 4.33 (d, J  = 5.7 Hz, 
1H), 3.71 (dd, J = 10.9, 6.3 Hz, 1H), 3.60 (dd, J = 10.9, 5.7 Hz, 1H), 1.54 (s, 
3H), 1.26 (s, 3H) 





໬ྜ≀ 72 (1.08 g, 5.00 mmol) ࢆྵࡴࢪࢡ࣓ࣟࣟࢱࣥ⁐ᾮ  (24.0 mL) ࡟
tert-ࣈࢳࣝࢪࣇ࢙ࢽࣝࢩࣜࣝࢡࣟࣛ࢖ࢻ  (1.27 mL, 6.11 mmol), DMAP (30.0 
mg, 0.246 mmol), ࢺ࢚ࣜࢳࣝ࢔࣑ࣥ  (1.20 mL, 8.62 mmol) ࢆຍ࠼ , ᐊ ࡛
⤊ኪ᧠ᢾࡋࡓ . ཯ᛂᾮࢆࢪࢡ࣓ࣟࣟࢱ࡛ࣥᕼ㔘ࡋ , 㣬࿴ NaHCO3 Ỉ⁐ᾮ࡛
Ὑίࡋ ,  MgSO4࡛஝⇱ࡋࡓ .  ࡑࡢᚋ , ῶᅽୗ⁐፹ࢆ␃ཤࡋ ,  ࣇࣛࢵࢩࣗࢩࣜ
࢝ࢤ࣒ࣝ࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  (ZIP 40 g, Hexane/AcOEt = 85/15 Ѝ  
75/25 Ѝ  60/40) ࡛⢭〇ࡋ ,  ໬ྜ≀ 73 (1.31 g, 2.89 mmol, 57.7%) ࢆᚓࡓ .  
1H-NMR (500 MHz, DMSO-d6) δ 7.69-7.67 (m, 4H), 7.51-7.44 (m, 6H), 6.24 (d, 
J = 5.7 Hz, 1H), 6.00 (d, J  = 3.4 Hz, 1H), 4.59 (d, J = 3.4 Hz, 1H), 4.43 (d, J  = 
5.7 Hz, 1H), 3.99 (d, J = 10.3 Hz, 1H), 3.75 (d, J = 10.3 Hz, 1H), 1.57 (s, 3H), 
1.27 (s, 3H), 1.02 (s, 9H)  
13C-NMR (126 MHz, DMSO-d6) δ 135.1 , 132.2, 130.1, 128.0, 119.1, 112.2, 106.1, 
85.0, 82.0, 76.8, 63.9, 26.4, 25.6, 24.7, 18.9 






໬ྜ≀ 73  (420 mg, 0.926 mmol) ࢆྵࡴࢪࢡ࣓ࣟࣟࢱࣥ⁐ᾮ  (9.00 mL) ࡟
1,1 ′-ࢳ࢜࢝ࣝ࣎ࢽࣝࢪ࢖࣑ࢲࢰ࣮ࣝ  (330 mg, 1.85 mmol), DMAP (34.0 mg, 
0.278 mmol) ࢆຍ࠼ , 40Υ࡛ 20 ᫬㛫᧠ᢾࡋࡓ .  ཯ᛂᾮࢆᐊ ࡲ࡛෭༷ࡋࡓ
ᚋ , ࢪࢡ࣓ࣟࣟࢱ࡛ࣥᕼ㔘ࡋ , 㣬࿴ NaCl Ỉ⁐ᾮ࡛Ὑίࡋࡓ .  Ὑίࡋࡓ᭷ᶵ
ᒙࢆ MgSO4࡛஝⇱ࡋࡓᚋ ,  ῶᅽୗ⁐፹ࢆ␃ཤࡋ࡚࢝ࣝ࣎ࢽࣝࢳ࢜࢖࣑ࢲࢰ
࣮ࣞࢺయࢆᚓࡓ .  
ࢺ࢚࡛ࣝࣥඹἛࡋࡓ࢝ࣝ࣎ࢽࣝࢳ࢜࢖࣑ࢲࢰ࣮ࣞࢺయࢆྵࡴࢺ࢚ࣝࣥ
⁐ᾮ  (18.6 mL) ࡟ AIBN (61.0 mg, 0.371 mmol), ࢺࣜࣈࢳࣝࢫࢬ  (1.00 mL, 
3.72 mmol) ࢆຍ࠼ ,  120Υ࡛ 1᫬㛫᧠ᢾࡋࡓ . ཯ᛂᾮࢆᐊ ࡲ࡛෭༷ࡋࡓᚋ , 
ῶᅽୗ⁐፹ࢆ␃ཤࡋࡓ . ࣇࣛࢵࢩࣗࢩࣜ࢝ࢤ࣒ࣝ࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  
(Hi-flash 14 g, Hexane/DCM = 90/10 Ѝ  70/30 Ѝ  50/50 Ѝ  35/65 Ѝ  0/100) 
࡟ࡼࡾ⢭〇ࡋ ,  ໬ྜ≀ 74 (150 mg, 0.343 mmol, 36.9%) ࢆᚓࡓ .  
1H-NMR (500 MHz, CHLOROFORM-d) δ 7.67-7.64 (m, 4H), 7.48-7.38 (m, 6H), 
5.87 (d, J = 3.4 Hz, 1H), 4.84 (dd, J  = 4.6, 3.4 Hz, 1H), 3.82 (s, 2H), 2.59 (d, J 
= 14.3 Hz, 1H), 2.33 (dd, J  = 14.3, 4.6 Hz, 1H), 1.69 (d, J  = 14.3 Hz, 3H),  1.35 
(s, 3H), 1.07 (s, 9H) 
13C-NMR (126 MHz, CHLOROFORM-d) δ 135.7, 132.4, 130.2, 128.0, 119.7, 
113.5, 107.2, 80.4, 78.9, 67.0, 39.4, 26.8, 26.0, 25.6, 19.4  




໬ྜ≀ 64  (507.5 mg, 1.50 mmol), ࢆྵࡴ DMF/THF (1/1, v/v) ΰྜ⁐ᾮ  
(4.50 mL) ࡟ 60%Ỉ⣲໬ࢼࢺ࣒ࣜ࢘ in oil (78.0 mg, 1.80 mmol) ࢆຍ࠼ , 0Υ
࡛ 1᫬㛫᧠ᢾࡋࡓ . ࡑࡢᚋ , 2-࣓ࢳࣝࣈࣟࣔࢼࣇࢱࣞࣥ  (398 mg, 1.80 mmol) 
ࢆຍ࠼ , 30Υ࡟᪼ ࡋ࡚⤊ኪ᧠ᢾࡋࡓ . ཯ᛂᾮ࡟࣓ࢱࣀ࣮ࣝࢆຍ࠼࡚཯ᛂ
ࢆ೵Ṇࡋࡓᚋ ,  ῶᅽୗ⁐፹ࢆ␃ཤࡋࡓ . ᚓࡽࢀࡓṧ´ࢆࢪࢡ࣓ࣟࣟࢱ࡛ࣥ
ᕼ㔘ࡋ ,  㣬࿴ NaHCO3 Ỉ⁐ᾮ ,  㣬࿴ NaCl Ỉ⁐ᾮ࡛Ὑίࡋࡓ . Ὑίࡋࡓ᭷ᶵ
ᒙࢆ MgSO4 ࡛஝⇱ࡋࡓᚋ ,  ῶᅽୗ⁐፹ࢆ␃ཤࡋࡓ . ࣇࣛࢵࢩࣗࢩࣜ࢝ࢤࣝ
࣒࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  (Hi-flash 45 g, Hexane/AcOEt = 90/10 Ѝ  75/25 
Ѝ  50/50) ࡟ࡼࡾ⢭〇ࡋ , ໬ྜ≀ 76 (686 mg, 1.43 mmol, 95.3%) ࢆᚓࡓ .  
1H-NMR (500 MHz, CHLOROFORM-d) δ 7.89-7.79 (m, 3H), 7.77 (s, 1H), 7.55-
7.43 (m, 3H), 7.40 (d, J = 8.6 Hz, 2H), 6.88 (d, J = 8.6 Hz, 2H), 6.07 (d, J = 4.0 
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Hz, 1H), 5.43 (s, 1H), 4.79 (d, J = 12.0 Hz, 1H), 4.69-4.66 (m, 3H), 4.27 (d, J  = 
13.2 Hz, 1H), 4.20 (d, J  = 13.2 Hz, 1H), 3.82 (d, J = 9.7 Hz, 1H), 3.80 (s, 3H),  
3.47 (d, J = 9.7 Hz, 1H), 1.27 (s, 3H), 1.24 (s, 3H) 
13C-NMR (126 MHz, CHLOROFORM-d) δ 160.3, 135.3, 133.4, 133.2, 130.2, 
128.5, 128.0, 127.8, 127.6, 126.8, 126.3, 126.1, 125.9, 113.8, 111.9, 106.1, 98.8, 
85.6, 81.9, 78.9, 73.9, 70.3, 69.7, 55.5, 25.8, 25.3 
MS (ESI) m/z (M+Na)+calcd. 383.1471; found 383.1599 
 
1,2-O-Isopropylidene-4-C-(napthylmethoxy)methyl-α-L-xylofuranose (77) 
໬ྜ≀ 76  (107.5 mg, 0.225 mmol) ࡢ 70% 㓑㓟Ỉ⁐ᾮ  (16.0 mL) ࢆ 30Υ
࡛ 30 ศ᧠ᢾࡋࡓ . ᐊ ࡲ࡛෭༷ࡋࡓᚋ , 㣬࿴ NaHCO3 Ỉ⁐ᾮ࡛୰࿴ࡋ ,  ࢪ
ࢡ࣓ࣟࣟࢱࣥ࡟࡚ᢳฟࡋࡓ . ᚓࡽࢀࡓ᭷ᶵᒙࡢ⁐፹ࢆῶᅽୗ␃ཤࡋࡓ .  ࣇ
ࣛ ࢵ ࢩ ࣗ ࢩ ࣜ ࢝ ࢤ ࣝ ࢝ ࣛ ࣒ ࢡ ࣟ ࣐ ࢺ ࢢ ࣛ ࣇ ࢕ ࣮  (Hi-flash 45 g, 
Hexane/AcOEt = 50/50 → 30/70) ࡛⢭〇ࡋ , ໬ྜ≀ 78  (1.97 g, 9.15 mmol, 
91.5%) ࢆᚓࡓ .  
1H-NMR (500 MHz, CHLOROFORM-d) δ 7.85-7.81 (m, 3H), 7.75 (s, 1H), 7.49-
7.43 (m, 3H), 5.96 (d, J = 4.0 Hz, 1H), 4.75 (d, J = 12.0 Hz, 1H), 4.68 (d, J = 
12.0 Hz, 1H), 4.62 (d, J  = 4.0 Hz, 1H), 4.47 (d, J  = 4.6 Hz, 1H), 4.02 (dd, J  = 
12.0, 5.7 Hz, 1H), 3.82 (dd, J  = 12.0, 7.5 Hz, 1H), 3.79 (d, J = 9.2 Hz, 1H), 3.66 
(d, J = 4.6 Hz, 1H), 3.61 (d, J = 9.2 Hz, 1H), 2.73 (dd, J = 7.5, 5.7 Hz, 1H), 1.57 
(s, 9H), 1.32 (s, 3H), 1.26 (s, 3H)  
13C-NMR (126 MHz, CHLOROFORM-d) δ 134.9, 133.34, 133.25, 128.6, 128.0, 
127.8, 127.0, 126.4, 126.2 , 125.8, 112.4, 105.6, 88.0, 87.7, 78.4, 74.1, 73.3, 65.8, 
26.7, 26.0 




໬ྜ≀ 77  (106 mg, 0.293 mmol) ࢆྵࡴࢪࢡ࣓ࣟࣟࢱࣥ⁐ᾮ  (2.94 mL) ࡟
tert-ࣈࢳࣝࢪ࣓ࢳࣝࢩࣜࣝࢡࣟࣛ࢖ࢻ  (49.0 mg, 0.326 mmol), DMAP (2.0 
mg, 0.0164 mmol), ࢺ࢚ࣜࢳࣝ࢔࣑ࣥ  (70.2 μL, 0.504 mmol) ࢆຍ࠼ , 0Υ࡛
⤊ኪ᧠ᢾࡋࡓ . ࡑࡢᚋ , ཯ᛂᾮࢆࢪࢡ࣓ࣟࣟࢱ࡛ࣥᕼ㔘ࡋ , 㣬࿴ NaHCO3
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Ỉ⁐ᾮ ,  㣬࿴ NaCl Ỉ⁐ᾮ࡛Ὑίࡋ , MgSO4࡛஝⇱ࡋࡓ .  ῶᅽୗ⁐፹ࢆ␃ཤ
ࡋ , ᚓࡽࢀࡓṧ´ࢆࣇࣛࢵࢩࣗࢩࣜ࢝ࢤ࣒ࣝ࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  
(Universal 16 g, Hexane/AcOEt = 85/15 Ѝ  50/50) ࡛⢭〇ࡋ , ໬ྜ≀ 78 (76.7 
mg, 0.162 mmol, 55.3%) ࢆᚓࡓ .  
1H-NMR (500 MHz, CHLOROFORM-d) δ 7.83-7.80 (m, 3H), 7.76 (s, 1H), 7.48-
7.44 (m, 3H), 5.96 (d, J = 4.0 Hz, 1H), 4.75 (d, J = 12.0 Hz, 1H), 4.69 (d, J = 
12.6 Hz, 1H), 4.57 (d, J = 4.0 Hz, 1H), 4.24 (d, J = 6.9 Hz, 1H), 4.08 (d, J = 10.9 
Hz, 1H), 3.99 (d, J = 6.9 Hz, 1H), 3.79 (d, J = 10.3 Hz, 1H), 3.62 (d, J = 9.7 Hz, 
1H), 3.56 (d, J  = 9.7 Hz, 1H), 1.36 (s, 3H), 1.29 (s, 3H), 0.90 ( s, 9H), 0.11 (s, 
3H), 0.09 (s, 3H) 
13C-NMR (126 MHz, CHLOROFORM-d) δ 135.4, 133.3, 133.1, 128.3, 128.0, 
127.8, 126.7, 126.2, 126.0, 125.9, 112.8, 105.3, 88.9, 88.5, 79.3, 73.8, 71.6, 65.3, 
27.1, 26.6, 25.8, 18.1, -5.4, -5.6 




࢔ࣝࢦࣥ㞺ᅖẼୗ , ໬ྜ≀  64 (1.09 g, 3.21 mmol) ࢆྵࡴࢪࢡ࣓ࣟࣟࢱ
ࣥ /ࣆࣜࢪࣥ  (5/1, v/v) ΰྜ⁐ᾮ  (36.0 mL) ࡟࣋ࣥࢰ࢖ࣝࢡࣟࣛ࢖ࢻ  (410 
μL, 3.53 mmol) ࢆຍ࠼ , ᐊ ࡛ 3.5 ᫬㛫᧠ᢾࡋࡓ . ࡑࡢᚋ ,  ཯ᛂᾮ࡟Ỉࢆຍ
࠼࡚཯ᛂࢆ೵Ṇࡋ , Ỉᒙࢆࢪࢡ࣓ࣟࣟࢱࣥ࡟࡚ᢳฟࡋࡓ . ᚓࡽࢀࡓ᭷ᶵᒙ
ࢆ MgSO4࡛஝⇱ࡋῶᅽୗ⁐፹ࢆ␃ཤࡋࡓ . ࣇࣛࢵࢩࣗࢩࣜ࢝ࢤ࣒ࣝ࢝ࣛࢡ
࣐ࣟࢺࢢࣛࣇ࢕࣮  (Presep 50 g, Hexane/AcOEt = 85/15) ࡟ࡼࡾ⢭〇ࡋ , ໬
ྜ≀  80  (1.31 g, 2.97 mmol, 92.5%) ࢆᚓࡓ .  
1H-NMR (500 MHz, CHLOROFORM-d) δ 8.07 (d, J = 7.5 Hz, 2H), 7.61 (t, J = 
7.5 Hz, 1H), 7.48 (t, J = 7.5 Hz, 2H), 7.43 (d, J = 8.6 Hz, 1H), 6.91 (d, J  = 8.6 
Hz, 2H), 6.15 (d, J  = 4.0 Hz, 1H), 5.45 (s, 1H), 4.74 (d, J  = 4.0 Hz, 1H), 4.63 (s, 
1H), 4.62 (d, J = 11.5 Hz, 2H), 4.47 (d, J  = 11.5 Hz, 1H), 4.38 (d, J  = 13.2 Hz, 
1H), 4.18 (d, J = 13.2 Hz, 1H), 3.81 (s, 3H), 1.65 (s, 3H), 1.32 (s, 3H)  
13C-NMR (126 MHz, CHLOROFORM-d) δ 165.9 , 160.4, 133.5, 129.8, 129.6, 
128.7, 127.5, 113.8, 112.5, 106.4, 99.1, 85.3, 80.7, 79.2, 69.4, 64.7, 55.5, 26.1, 
25.4 





໬ྜ≀  80 (1.31 g, 2.97 mmol) ࢆྵࡴࢪࢡ࣓ࣟࣟࢱࣥ⁐ᾮ  (2.50 mL) ࡟
80% 㓑㓟Ỉ⁐ᾮ  (12.5 mL) ࢆຍ࠼ , ᐊ ࡛ 24 ᫬㛫᧠ᢾࡋࡓ . ࡑࡢᚋ , 㣬
࿴ NaHCO3 Ỉ⁐ᾮ࡛୰࿴ࡋ ,  ࢪࢡ࣓ࣟࣟࢱ࡛ࣥᢳฟࡋࡓ . ᚓࡽࢀࡓ᭷ᶵᒙ
ࢆ MgSO4 ࡛஝⇱ࡋ ,  ῶᅽୗ⁐፹ࢆ␃ཤࡋࡓ . ࣇࣛࢵࢩࣗࢩࣜ࢝ࢤ࣒ࣝ࢝ࣛ
ࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  (Presep 50 g, Hexane/AcOEt = 50/50 → 35/65) ࡟ࡼࡾ
⢭〇ࡋ ,  ໬ྜ≀  81  (788 mg, 2.43 mmol, 81.8%) ࢆᚓࡓ .  
1H-NMR (500 MHz, DMSO-d6) δ 8.04-7.90 (m, 2H), 7.75-7.61 (m, 1H), 7.61-
7.48 (m, 2H), 5.90 (d, J = 4.0 Hz, 1H), 5.57 (d, J = 5.2 Hz, 1H), 4.72 (t, J = 6.3 
Hz, 1H), 4.55 (d, J  = 5.2 Hz, 1H), 4.43 (d, J = 10.9 Hz, 1H), 4.36 (d, J  = 10.9 
Hz, 1H), 4.13 (d, J  = 6.3 Hz, 1H), 3.62 (d, J = 6.3 Hz, 2H), 1.45 (s, 3H), 1.24 (s, 
3H) 
13C-NMR (126 MHz, DMSO-d6) δ 165.4, 133.5, 129.6, 129.2, 128.8, 111.3, 104.5, 
88.66, 87.4, 75.5, 63.3, 60.1, 26.5, 26.0 




࢔ࣝࢦࣥ㞺ᅖẼୗ ,  ໬ྜ≀  81  (788 mg, 2.43 mmol) ࢆྵࡴ DMF ⁐ᾮ  
(24.3 mL) ࡟ tert-ࣈࢳࣝࢪࣇ࢙ࢽࣝࢩࣜࣝࢡࣟࣛ࢖ࢻ  (749 μL, 2.92 mmol),  
࢖࣑ࢲࢰ࣮ࣝ  (331 mg, 4.86 mmol) ࢆຍ࠼ , 30Υ࡛ 72 ᫬㛫᧠ᢾࡋࡓ . ࡑࡢ
ᚋ , ῶᅽୗ⁐፹ࢆ␃ཤࡋ , ᚓࡽࢀࡓṧ´ࢆ㓑㓟࢚ࢳ࡛ࣝᕼ㔘ࡋࡓ . ṧ´ࢆ
ྵࡴ᭷ᶵᒙࢆỈ , 㣬࿴ NaCl Ỉ⁐ᾮ࡛Ὑίࡋ ,  MgSO4 ࡛஝⇱ࡋࡓᚋ , ῶᅽ
ୗ⁐፹ࢆ␃ཤࡋࡓ .  ࣇࣛࢵࢩࣗࢩࣜ࢝ࢤ࣒ࣝ࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  
(ZIP 40 g, Hexane/AcOEt = 80/20 → 50/50) ࡟ࡼࡾ⢭〇ࡋ , ໬ྜ≀  82 (1.19 g, 
2.11 mmol, 86.8%) ࢆᚓࡓ .  
1H-NMR (500 MHz, DMSO-d6) δ 7.95 (d, J  = 8.0 Hz, 2H), 7.72 (t, J = 6.9 Hz, 
1H), 7.65-7.55 (m, 6H), 7.41 (m, 2H), 7.34 (t, J  = 7.5 Hz, 2H), 7.28 (t, J = 7.5 
Hz, 2H), 5.95 (d, J = 4.0 Hz, 1H), 5.73 (d, J = 5.2 Hz, 1H), 4.65 (d, J = 10.9 Hz, 
1H), 4.57 (d, J  = 4.0 Hz, 1H), 4.45 (d, J  = 10.9 Hz, 1H), 4.23 (d, J = 5.2 Hz, 1H), 
3.93 (d, J  = 10.3 Hz, 1H), 3.78 (d, J = 10.3 Hz, 1H), 1.48 (s, 3H), 1.25 (s, 3H), 
0.92 (s, 9H) 
63 
 
13C-NMR (126 MHz, DMSO-d6) δ 165.3, 135.1, 135.0, 133.6, 132.6, 132.5, 129.8, 
129.8, 129.4, 129.2, 128.8, 127.85, 127.79, 111.2, 104.9, 88.8, 87.1, 75.3, 63.1, 
62.6, 26.4, 26.3, 25.7, 18.7  




࢔ࣝࢦࣥ㞺ᅖẼୗ ,  ໬ྜ≀  82  (578 mg, 1.03 mmol) ࢆྵࡴ THF ⁐ᾮ  
(10.3 mL) ࡟஧◲໬Ⅳ⣲  (373 μL, 6.18 mmol), ࣮ࣚࢻ࣓ࢱࣥ  (385 μL, 6.18 
mmol) ࢆຍ࠼ , 0Υ࡛ 20 ศ᧠ᢾࡋࡓ . ࡑࡢᚋ ,  60%Ỉ⣲໬ࢼࢺ࣒ࣜ࢘ in oil  
(82.4 mg, 2.06 mmol) ࢆຍ࠼࡚ 0Υ࡛ 30 ศ᧠ᢾࡋࡓ . ཯ᛂᾮࢆࢪࢡ࣓ࣟࣟ
ࢱ࡛ࣥᕼ㔘ࡋࡓᚋ ,  ịࢆຍ࠼࡚཯ᛂࢆ೵Ṇࡋ ,  Ỉ , 㣬࿴ NaCl Ỉ⁐ᾮ࡛Ὑί
ࡋࡓ . Ὑίࡋࡓ᭷ᶵᒙࢆ MgSO4 ࡛஝⇱ࡋ , ῶᅽୗ⁐፹ࢆ␃ཤࡍࡿࡇ࡜࡛࢟
ࢧࣥࢺࢤࣥ㓟࢚ࢫࢸࣝࢆᚓࡓ .  
࢔ࣝࢦࣥ㞺ᅖẼୗ , ࢺ࢚࡛ࣝࣥඹἛࡋࡓ࢟ࢧࣥࢺࢤࣥ㓟࢚ࢫࢸࣝࢆྵࡴ
ࢺ࢚ࣝࣥ⁐ᾮ  (10.0 mL) ࡟ AIBN (84.5 mg, 0.515 mmol), ࢺࣜࢫࢺ࣓ࣜࢳࣝ
ࢩࣜࣝࢩࣛࣥ  (949 μL, 3.09 mmol) ࢆຍ࠼ , 80Υ࡛ 2 ᫬㛫᧠ᢾࡋࡓ . ᐊ ࡲ
࡛෭༷ࡋࡓᚋ ,  ࡑࡢࡲࡲ཯ᛂ⁐ᾮࢆࣇࣛࢵࢩࣗࢩࣜ࢝ࢤ࣒ࣝ࢝ࣛࢡ࣐ࣟࢺ
ࢢࣛࣇ࢕࣮  (ZIP 40 g, Hexane/AcOEt = 91/9) ࡟ࡼࡾ⢭〇ࡋ ,  ໬ྜ≀ 83 (512 
mg, 0.936 mmol, 90.9%) ࢆᚓࡓ .  
1H-NMR (500 MHz, CHLOROFORM-d) δ 7.92 (dd, J = 8.6, 1.1 Hz, 2H), 7.72-
7.60 (m, 4H), 7.55 (t, J = 7.4 Hz, 1H), 7.47-7.27 (m, 8H), 5.91 (d, J = 4.0 Hz, 
1H), 4.82 (m, 1H), 4.60 (d, J = 11.5 Hz, 1H), 4.47 (d, J = 11.5 Hz, 1H), 3.71 (s, 
2H), 2.31 (dd, J = 14.3, 6.3 Hz, 1H), 2.20 (d, J = 14.3 Hz, 1H), 1.60 (s, 3H), 1.33 
(s, 3H), 1.04 (s, 9H) 
13C-NMR (126 MHz, CHLOROFORM-d) δ 166.2 , 135.8, 135.7, 133.13, 133.08, 
130.1, 129.9, 128.4, 127.9, 112.8, 107.0, 87.1, 81.4, 66.9, 66.3, 36.0, 27.4, 26.9, 
26.3, 19.3 






࢔ࣝࢦࣥ㞺ᅖẼୗ ,  ໬ྜ≀  83 (188 mg, 0.344 mmol) ࢆྵࡴࢪࢡ࣓ࣟࣟࢱ
ࣥ⁐ᾮ  (3.44 mL) ࡟ࢺ࢚ࣜࢳࣝࢩࣛࣥ  (164 μL, 1.03 mmol), ୕ࣇࢵ໬࣍࢘
⣲࢚ࢳ࢚࣮ࣝࢸࣝ  (131 μL, 1.03 mmol) ࢆຍ࠼ , 0Υ࡛ 4 ᫬㛫᧠ᢾࡋࡓ . ࡑ
ࡢᚋ , ཯ᛂᾮࢆࢪࢡ࣓ࣟࣟࢱ࡛ࣥᕼ㔘ࡋ , 㣬࿴ NaHCO3 Ỉ⁐ᾮ ,  㣬࿴ NaCl
Ỉ⁐ᾮ࡛Ὑίࡋࡓ .  Ὑίࡋࡓ᭷ᶵᒙࢆ MgSO4 ࡛஝⇱ࡋ , ῶᅽୗ⁐፹ࢆ␃ཤ
ࡋࡓ . ࣇࣛࢵࢩࣗࢩࣜ࢝ࢤ࣒ࣝ࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  (SNAP 10 g, 
Hexane/AcOEt = 75/25) ࡟ࡼࡾ⢭〇ࡋ ,  ໬ྜ≀ 84 (72.7 mg, 0.148 mmol, 
43.0%) ࢆᚓࡓ .  
1H-NMR (500 MHz, CHLOROFORM-d) δ 7.98 (dd, J  = 8.02, 1.2 Hz, 2H), 7.72-
7.61 (m, 4H), 7.56 (t, J = 7.4 Hz, 1H), 7.48-7.29 (m, 8H), 4.56 (d, J = 11.5 Hz, 
1H), 4.50 (d, J = 11.5 Hz, 1H), 4.48-4.45 (m, 2H), 3.91 (dt, J = 9.7, 1.7 Hz, 1H) 
3.87 (dd, J  = 9.7, 4.0 Hz, 1H), 3.72 (d, J  = 10.3 Hz, 1H), 3.62 (d , J = 10.3 Hz, 
1H), 2.27 (dd, J  = 14.3, 6.3 Hz, 1H), 2.19 (d, J  = 6.3 Hz, 1H), 1.98 (dt, J  = 14.3, 
1.7 Hz, 1H), 1.07 (s, 9H) 
13C-NMR (126 MHz, CHLOROFORM-d) δ 166.6, 135.7, 133.2, 133.1, 130.1, 
129.9, 129.8, 128.6, 127.9, 84.2, 76.0, 72.7, 66.9, 66.2 , 39.9, 26.9, 19.4 
MS (ESI) m/z (M+Na)+calcd. 513.2073; found 513.2028  
 
[(2′R,4′S)-4′-C-Benzoyloxymethyl-2′3′-dideoxy-5′-O-(tert-
butyldiphenylsilyl)-6-N-ditert- butoxycarbonyl]isoadenosine (85) 
࢔ࣝࢦࣥ㞺ᅖẼୗ ,  ໬ྜ≀ 84 (353 mg, 0.719 mmol) ࢆྵࡴ THF ⁐ᾮ  
(7.20 mL) ࡟ࢺࣜࣇ࢙ࢽࣝ࣍ࢫࣇ࢕ࣥ  (415 mg, 1.58 mmol), N6-di tert-ࣈࢺ
࢟ࢩ࢝ࣝ࣎ࢽࣝ࢔ࢹࢽࣥ  (531 mg, 1.58 mmol), ࢪ࢖ࢯࣉࣟࣆࣝ࢔ࢰࢪ࢝ࣝ
࣎࢟ࢩ࣮ࣛࢺ  (370 mg, 1.58 mmol) ࢆຍ࠼ , ᐊ ࡛ 18 ᫬㛫᧠ᢾࡋࡓ . ࡑࡢ
ᚋ , ཯ᛂᾮࢆ㓑㓟࢚ࢳ࡛ࣝᕼ㔘ࡋ ,  㣬࿴ NaCl Ỉ⁐ᾮ࡛Ὑίࡋࡓ .  Ὑίࡋࡓ
᭷ᶵᒙࢆ MgSO4 ࡛஝⇱ࡋ ,  ῶᅽୗ⁐፹ࢆ␃ཤࡋࡓ . ࣇࣛࢵࢩࣗࢩࣜ࢝ࢤࣝ
࣒࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  (ZIP 40 g, Hexane/AcOEt = 75/25) ࡟ࡼࡾ⢭〇
ࡋ , ໬ྜ≀  85  (460 mg, 0.559 mmol, 77.7%) ࢆᚓࡓ .  
1H-NMR (500 MHz, METHANOL-d4) δ 8.77 (s, 1H), 8.48 (s, 1H), 7.99 (d, J = 
7.5 Hz, 2H), 7.64-7.56 (m, 5H), 7.46 (t, J = 8.0 Hz, 2H), 7.38-7.22 (m, 6H), 5.45-
5.42 (m, 1H), 4.62 (d, J = 11.5 Hz, 1H), 4.45 (d, J  = 11.5 Hz, 1H), 4.43-4.37 (m, 
2H), 3.95 (d, J = 10.3 Hz, 1H), 3.77 (d, J = 10.3 Hz, 1H), 2.70 (dd, J = 13.8, 8.0 
Hz, 1H), 2.57 (dd, J  = 13.8, 5.7 Hz, 1H), 1.38 (s, 18H), 0.99 (s, 9H)  
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13C-NMR (126 MHz, METHANOL-d4) δ 166.3, 153.3, 151.6, 150.3, 149.7, 145.0, 
135.4, 133.2, 132.7, 129.82, 129.77, 129.4, 129.0, 128.4, 127.6, 84.6, 84.0, 70.2, 
65.7, 65.1, 55.8, 36.5, 26.7, 26.0, 18.7 




໬ྜ≀  85  (129 mg, 0.160 mmol) ࢆྵࡴ㣬࿴࢔ࣥࣔࢽ࢔࣓ࢱࣀ࣮ࣝ⁐ᾮ  
(30 mL) ࢆᐊ ࡛ 17 ᫬㛫᧠ᢾࡋࡓ . ࡑࡢᚋ , ῶᅽୗ⁐፹ࢆ␃ཤࡋ ,  ᚓࡽࢀ
ࡓṧ´ࢆࣇࣛࢵࢩࣗࢩࣜ࢝ࢤ࣒ࣝ࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  (SNAP 10 g, 
Hexane/AcOEt = 25/75 → 0/100) ࡟ࡼࡾ⢭〇ࡋ ,  ໬ྜ≀ 86  (79.3 mg, 0.131 
mmol, 81.9%) ࢆᚓࡓ .  
1H-NMR (500 MHz, CHLOROFORM-d) δ 8.71 (s, 1H), 8.03 (s, 1H), 7.89 (s, 1H), 
7.67-7.57 (m, 4H), 7.51-7.28 (m, 6H), 5.26-5.23 (m, 1H), 4.37 (dd, J = 9.2, 6.3 
Hz, 1H), 4.19 (dd, J  = 9.2, 6.3 Hz, 1H), 3.85 (d, J  = 10.3 Hz, 1H), 3.78-3.65 (m, 
3H), 2.52 (dd, J = 13.8, 8.0 Hz, 1H), 2.44 (dd, J = 13.8, 6.9 Hz, 1H), 2.20 (s, 
1H), 1.57 (s, 9H), 1.04 (s, 9H)  
13C-NMR (126 MHz, CHLOROFORM-d) δ 153.0, 151.1, 150.0, 149.8, 140.4, 
135.7, 132.9, 130.09, 130.07, 127.9, 121.9, 86.2, 82.4, 71.3, 66.6, 65.7, 55.1, 
36.3, 28.3, 27.0, 19.4 
MS (APCI) m/z (M+Na)+calcd. 626.2775; found 626.2814 
 
[(2′R,4′S)-4′-C-Cyano-2′,3′-dideoy-5′-O-(tert-butyldiphenylsilyl)-6-N-(tert- 
butoxycarbonyl)] isoadenosine (87) 
࢔ࣝࢦࣥ㞺ᅖẼୗ ,  ໬ྜ≀ 86  (682 mg, 1.13 mmol) ࢆྵࡴࢪࢡ࣓ࣟࣟࢱ
ࣥ⁐ᾮ  (22.6 mL) ࡟ࢹࢫ࣐࣮ࢳ࣮ࣥ࣌ࣝࣚࢪࢼࣥ  (717 mg, 1.69 mmol) ࢆ
ຍ࠼ , ᐊ ࡛ 2 ᫬㛫᧠ᢾࡋࡓ . ࡑࡢᚋ , ཯ᛂᾮࢆࢪࢡ࣓ࣟࣟࢱ࡛ࣥᕼ㔘ࡋ , 
10%Na2S2O3 Ỉ⁐ᾮ࡛཯ᛂࢆ೵Ṇࡋࡓ .  ࡉࡽ࡟ ,  ᭷ᶵᒙࢆ㣬࿴ NaCl Ỉ⁐ᾮ
࡛Ὑίࡋ ,  MgSO4 ࡛஝⇱ࡋࡓᚋ , ῶᅽୗ⁐፹ࢆ␃ཤࡋ ,  ࢔ࣝࢹࣄࢻయࢆᚓ
ࡓ .  
ࣆࣜࢪ࡛ࣥඹἛࡋࡓ࢔ࣝࢹࣄࢻయࢆྵࡴࣆࣜࢪࣥ⁐ᾮ  (11.3 mL) ࡟
NH2OH㺃HCl (177 mg, 2.54 mmol) ࢆຍ࠼ , ᐊ ࡛ 2 ᫬㛫᧠ᢾࡋࡓ .  ཯ᛂᾮ
66 
 
ࢆ㓑㓟࢚ࢳ࡛ࣝᕼ㔘ࡋࡓᚋ , 㣬࿴ NaHCO3 Ỉ⁐ᾮ࡛Ὑίࡋ , MgSO4 ࡛஝⇱
ࡋࡓ . ࡑࡢᚋ ,  ῶᅽୗ⁐፹ࢆ␃ཤࡋ , ࢔ࣝࢻ࢟ࢩ࣒యࢆᚓࡓ .  
࢔ࢭࢺࢽࢺ࡛ࣜࣝඹἛࡋࡓ࢔ࣝࢻ࢟ࢩ࣒యࢆྵࡴ࢔ࢭࢺࢽࢺࣜࣝ⁐ᾮ  
(11.3 mL) ࡟ 1, 1 ′-࢝ࣝ࣎ࢽࣝࢪ࢖࣑ࢲࢰ࣮ࣝ  (366 mg, 2.26 mmol) ࢆຍ࠼ ,  
ᐊ ࡛ 1.5 ᫬㛫᧠ᢾࡋࡓ . ࡑࡢᚋ , ཯ᛂᾮࢆ㓑㓟࢚ࢳ࡛ࣝᕼ㔘ࡋ , 㣬࿴
NaCl Ỉ⁐ᾮ࡛Ὑίࡋࡓ . Ὑίࡋࡓ᭷ᶵᒙࢆ MgSO4 ࡛஝⇱ࡋ , ῶᅽୗ⁐፹
ࢆ␃ཤࡋࡓ .  ࣇࣛࢵࢩࣗࢩࣜ࢝ࢤ࣒ࣝ࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  (SNAP 25 
g, Hexane/AcOEt = 50/50) ࡟ࡼࡾ⢭〇ࡋ , ໬ྜ≀ 87 (420 mg, 0.701 mmol, 
62.0%) ࢆᚓࡓ .  
1H-NMR (500 MHz, CHLOROFORM-d) δ 8.71 (s, 1H), 7.91 (s, 1H), 7.90 (s, 1H), 
7.66-7.62 (m, 4H), 7.47-7.34 (m, 6H), 5.50-5.48 (m, 1H), 4.46 (dd, J = 10.3, 6.3 
Hz, 1H), 4.39 (dd, J = 10.3, 3.4 Hz, 1H), 3.99 (d, J = 10.9 Hz, 1H), 3.93 (d, J = 
10.9 Hz, 1H), 3.03 (dd, J = 14.3, 8.0 Hz, 1H), 2.69 (dd, J = 14.3, 5.2 Hz, 1H), 
1.08 (s, 9H) 
13C-NMR (126 MHz, CHLOROFORM-d) δ 153.2, 150.8, 150.2, 149.7, 140.0, 
135.7, 132.1, 130.3, 128.1, 121.8, 119.1, 82.5, 80.5, 73.0, 66.5, 54.0, 41.0, 28.3, 
26.9, 19.4 
MS (APCI) m/z (M+Na)+calcd. 621.2622; found 621.2579 
 
[(2′R,4′S)-4′-C-Cyano-2′,3′-dideoxy]isoadenosine (58) 
໬ྜ≀ 87  (252 mg, 0.420 mmol) ࢆྵࡴ 80%ࢠ㓟⁐ᾮ  (5.00 mL) ࢆᐊ 
࡟࡚ 5 ᫬㛫᧠ᢾࡋࡓ . ࡑࡢᚋ , Ỉ , NaHCO3 ࢆຍ࠼࡚୰࿴ࡋࡓᚋ ,  ཯ᛂᾮࢆ
㓑㓟࢚ࢳࣝ࡟࡚ᢳฟࡋࡓ .  ᚓࡽࢀࡓ᭷ᶵᒙࢆ MgSO4 ࡛஝⇱ࡋ , ῶᅽୗ⁐፹
ࢆ␃ཤࡋ࡚⬺ Boc యࢆᚓࡓ .  
⬺ Boc యࢆྵࡴ࣓ࢱࣀ࣮ࣝ⁐ᾮ  (4.20 mL) ࡟㓟ᛶࣇࢵ໬࢔ࣥࣔࢽ࣒࢘  
(238 mg, 4.18 mmol) ࢆຍ࠼ ,  60Υ࡛ 90 ศ᧠ᢾࡋࡓ . ᐊ ࡲ࡛෭༷ࡋࡓᚋ , 
ᯒฟࡋࡓ⢒⏕ᡂ≀ࢆࢁྲྀࡋࡓ . ࢁྲྀࡋࡓ⢒⏕ᡂ≀ࢆ࣓ࢱࣀ࣮ࣝ࠿ࡽ෌⤖ᬗ
ࡍࡿࡇ࡜࡛⢭〇ࡋ ,  ໬ྜ≀ 58  (73.8 mg, 0.284 mmol, 67.6%) ࢆᚓࡓ .  
1H-NMR (500 MHz, DMSO-d6) δ 8.17 (s, 1H), 8.15 (s, 1H), 7.26 (s, 2H), 5.82 (t, 
J = 6.3 Hz, 1H), 5.42-5.37 (m, 1H), 4.38 (dd, J = 9.7, 4.0 Hz, 1H), 4.29 (dd, J = 
9.7, 6.3 Hz, 1H), 3.72 (d, J  = 6.3 Hz, 2H), 2.97 (dd, J  = 14.3, 8.0 Hz, 1H), 2.65 
(dd, J = 14.3, 5.7 Hz, 1H) 
13C-NMR (126 MHz, DMSO-d6) δ 156.0 , 152.5, 149.3, 138.9, 120.2, 118.8, 80.4, 
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72.1, 64.5, 53.5, 39.9 
MS (ESI) m/z (M+H)+calcd. 261.1100; found 261.1051 
 
[(2′R,4′S)-4′-C-Benzoyloxymethyl-2′,3′-dideoy-5′-O-(tert-
butyldiphenylsilyl)]-2-amino-6-chloropurine isonucleoside (88) 
࢔ࣝࢦࣥ㞺ᅖẼୗ ,  ໬ྜ≀ 84 (1.36 g, 2.77 mmol) ࢆྵࡴ THF ⁐ᾮ  (28.0 
mL) ࡟ࢺࣜࣇ࢙ࢽࣝ࣍ࢫࣇ࢕ࣥ  (2.18 g, 8.31 mmol), 2-࢔࣑ࣀ -6-ࢡࣟࣟࣉ
ࣜࣥ  (705 mg, 4.16 mmol), ࢔ࢰࢪ࢝ࣝ࣎ࣥ㓟ࢪ࢖ࢯࣉࣟࣆࣝ  (804 μL, 4.15 
mmol) ࢆຍ࠼ , 0Υ࡛ 30 ศ᧠ᢾࡋࡓᚋ ,  ᐊ ࡬᪼ ࡋ࡚⤊ኪ᧠ᢾࡋࡓ . ࡑ
ࡢᚋ , ῶᅽୗ⁐፹ࢆ␃ཤࡋᚓࡽࢀࡓṧ´ࢆࣇࣛࢵࢩࣗࢩࣜ࢝ࢤࣝࢡ࣐ࣟࢺ
ࢢࣛࣇ࢕࣮  (SNAP 10 g, Hexane/AcOEt = 50/50 Ѝ  25/75) ࡟ࡼࡾ⢭〇ࡋ , 
໬ྜ≀ 88  (480 mg, 0.747 mmol, 27.0%) ࢆᚓࡓ .  
1H-NMR (500 MHz, CHLOROFORM-d) δ 8.02 (d, J = 6.9 Hz, 2H), 7.75 (s, 1H), 
7.63-7.57 (m, 5H), 7.46 (t, J = 8.0 Hz, 2H), 7.42-7.37 (m, 2H), 7.34-7.28 (m, 
4H), 5.14-5.10 (m, 1H), 4.98 (s, 2H), 4.57 (d, J = 11.5 Hz, 1H), 4.44 (d, J = 11.5 
Hz, 1H), 4.37 (dd, J  = 9.7, 5.7 Hz, 1H), 4.21 (dd, J  = 9.7, 5.2 Hz, 1H), 3.96 (d, 
J = 10.3 Hz, 1H), 3.65 (d, J  = 10.3 Hz, 1H), 2.52 (dd, J  = 13.8, 8.0 Hz, 1H), 2.39 
(dd, J = 13.8, 5.7 Hz, 1H), 1.04 (s,  9H) 
13C-NMR (126 MHz, CHLOROFORM-d) δ 166.4, 159.0, 153.6, 151.7, 140.1, 
135.6, 133.4, 132.7, 130.8, 129.9, 129.8, 128.6, 127.9, 125.6, 84.8, 71.1, 66.0, 
65.7, 54.7, 37.1, 26.9, 19.3 




໬ྜ≀ 88  (470 mg, 0.732 mmol) ࢆྵࡴ㣬࿴࢔ࣥࣔࢽ࢔࣓ࢱࣀ࣮ࣝ⁐ᾮ  
(50 mL) ࢆᐊ ࡛⤊ኪ᧠ᢾࡋࡓ . ࡑࡢᚋ , ῶᅽୗ⁐፹ࢆ␃ཤࡋ , ᚓࡽࢀࡓ
ṧ´ࢆࣇࣛࢵࢩࣗࢩࣜ࢝ࢤ࣒ࣝ࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  (Universal 16 g, 
Hexane/AcOEt = 50/50 Ѝ  40/60  Ѝ  30/70) ࡟ࡼࡾ⢭〇ࡋ , ໬ྜ≀ 89  
(353 mg, 0.655 mmol, 89.5%) ࢆᚓࡓ .  
1H-NMR (500 MHz, CHLOROFORM-d) δ 7.72 (s, 1H), 7.65-7.60 (m, 4H), 7.44-
7.33 (m, 6H), 5.06-5.03 (m, 1H), 4.95 (s, 2H), 4.31 (dd, J  = 9.2, 6.3 Hz, 1H), 
4.13 (dd, J = 9.2, 6.9 Hz, 1H), 3.86 (d, J = 10.3 Hz, 1H), 3.75 (dd, J = 11.5, 6.3 
68 
 
Hz, 1H), 3.68 (dd, J = 11.5, 6.3 Hz, 1H), 3.63 (d, J  = 10.3 Hz, 1H), 2.46 (dd, J  
= 13.2, 8.6 Hz, 1H), 2.32 (dd, J  = 13.2, 6.9, 1H), 1.05 (s, 9H)  
13C-NMR (126 MHz, CHLOROFORM-d) 159.0, 153.7, 151.7, 140.2, 135.7, 132.9, 
130.1, 128.0, 125.6, 86.2, 70.9, 66.6, 65.9, 54.8, 36.1, 27.0, 19.4 




࢔ࣝࢦࣥ㞺ᅖẼୗ ,  ໬ྜ≀ 89  (153 mg, 0.284 mmol) ࢆྵࡴࢪࢡ࣓ࣟࣟࢱ
ࣥ⁐ᾮ  (5.68 mL) ࡟ࢹࢫ࣐࣮ࢳ࣮ࣥ࣌ࣝࣚࢪࢼࣥ  (181 mg, 0.427 mmol) 
ࢆຍ࠼ , ᐊ ࡛ 1 ᫬㛫᧠ᢾࡋࡓ .  ࡑࡢᚋ , ཯ᛂᾮࢆࢪࢡ࣓ࣟࣟࢱ࡛ࣥᕼ㔘
ࡋ , 10%Na2S2O3Ỉ⁐ᾮ࡟࡚཯ᛂࢆ೵Ṇࡋࡓ . ࡉࡽ࡟ ,  ᭷ᶵᒙࢆ㣬࿴ NaCl Ỉ
⁐ᾮ࡛Ὑίࡋ , MgSO4 ࡛஝⇱ࡋࡓᚋ , ῶᅽୗ⁐፹ࢆ␃ཤࡍࡿࡇ࡜࡛࢔ࣝࢹ
ࣄࢻయࢆᚓࡓ .  
ࣆࣜࢪ࡛ࣥඹἛࡋࡓ࢔ࣝࢹࣄࢻయࢆྵࡴࣆࣜࢪࣥ⁐ᾮ  (2.84 mL) ࡟
NH2OH㺃HCl (38.8 mg, 0.558 mmol) ࢆຍ࠼ , ᐊ ࡛⤊ኪ᧠ᢾࡋࡓ . ࡑࡢᚋ , 
཯ᛂᾮࢆ㓑㓟࢚ࢳ࡛ࣝᕼ㔘ࡋ , 㣬࿴ NaHCO3 Ỉ⁐ᾮ࡛Ὑίࡋࡓ .  Ὑίࡋࡓ
᭷ᶵᒙࢆ MgSO4࡛஝⇱ࡋ ,  ῶᅽୗ⁐፹ࢆ␃ཤࡍࡿࡇ࡜࡛࢔ࣝࢻ࢟ࢩ࣒యࢆ
ᚓࡓ .  
࢔ࢭࢺࢽࢺ࡛ࣜࣝඹἛࡋࡓ࢔ࣝࢻ࢟ࢩ࣒యࢆྵࡴ  ࢔ࢭࢺࢽࢺࣜࣝ⁐ᾮ  
(5.68 mL) ࡟ 1, 1 ′-࢝ࣝ࣎ࢽࣝࢪ࢖࣑ࢲࢰ࣮ࣝ  (91.7 mg, 0.566 mmol) ࢆຍ
࠼ ,  ᐊ ࡛ 5 ᫬㛫᧠ᢾࡋࡓ . ࡑࡢᚋ , ཯ᛂᾮࢆ㓑㓟࢚ࢳ࡛ࣝᕼ㔘ࡋ , 㣬࿴
NaCl Ỉ⁐ᾮ࡛Ὑίࡋࡓ . Ὑίࡋࡓ᭷ᶵᒙࢆ MgSO4 ࡛஝⇱ࡋ , ῶᅽୗ⁐፹
ࢆ␃ཤࡋࡓ .  ࣇࣛࢵࢩࣗࢩࣜ࢝ࢤ࣒ࣝ࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  (SNAP 10 
g, Hexane/AcOEt = 60/40 Ѝ  55/45) ࡟ࡼࡾ⢭〇ࡋ , ໬ྜ≀ 90  (35.5 mg, 
0.0666 mmol, 23.5%) ࢆᚓࡓ .  
1H-NMR (500 MHz, CHLOROFORM-d) δ 7.72 (s, 1H), 7.66-7.63 (m, 4H), 7.47-
7.35 (m, 6H), 5.32-5.27 (m, 1H), 5.06 (s, 2H), 4.42 (dd, J = 10.3, 6.3 Hz, 1H), 
4.34 (dd, J = 10.3, 4.0 Hz, 1H), 4.00 (d, J  = 10.9 Hz, 1H), 3.87 (d, J  = 10.9 Hz, 
1H), 2.96 (dd, J = 14.3, 8.0 Hz, 1H), 2.56 (dd, J = 14.3, 5.2 Hz, 1H), 1.09 (s, 
9H) 
13C-NMR (126 MHz, CHLOROFORM-d) 159.0, 153.3, 151.9, 139.6, 135.6, 132.1, 
130.3, 128.1, 125.4, 119.1, 80.4, 72.6, 66.6, 53.7, 40.9, 26.8, 19.3 
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MS (ESI) m/z (M+H)+calcd. 533.1888; found 533.1858 
 
[(2′R,4′S)-2-Amino-4′-C-cyano-2′,3′-dideoy]isoadenosine (59) 
໬ྜ≀  90 (36.8 mg, 0.0690 mmol) ࢆྵࡴ㣬࿴࢔ࣥࣔࢽ࢔ᛶ࣓ࢱࣀ࣮ࣝ⁐
ᾮ  (20.0 mL) ࢆ 80Υ࡟࡚⤊ኪ᧠ᢾࡋࡓ . ᐊ ࡲ࡛෭༷ࡋࡓᚋ , ῶᅽୗ⁐፹
ࢆ␃ཤࡋ࡚ࢪ࢔࣑ࣀࣉࣜࣥయࢆᚓࡓ .  
ࢪ࢔࣑ࣀࣉࣜࣥయࢆྵࡴ THF ⁐ᾮ  (2.76 mL) ࡟ 1.0 M TBAF in THF (138 
μL, 0.138 mmol) ࢆຍ࠼ , ᐊ ࡛ 40 ศ᧠ᢾࡋࡓ . ࡑࡢᚋ ,  ῶᅽୗ⁐፹ࢆ␃
ཤࡋ , ᚓࡽࢀࡓṧ´ࢆࣇࣛࢵࢩࣗࢩࣜ࢝ࢤ࣒ࣝ࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  
(SNAP 10 g, DCM/AcOEt = 90/10 Ѝ  85/15) ࡟ࡼࡾ⢭〇ࡋ , ໬ྜ≀ 59 (11.4 
mg, 0.0413 mmol, 59.9%) ࢆᚓࡓ .  
1H-NMR (500 MHz, METHANOL-d4) δ 7.92 (s, 1H), 5.32-5.30 (m, 1H), 4.39 (dd, 
J = 10.3, 4.0 Hz, 1H), 4.36 (dd, J  = 10.3, 6.3 Hz, 1H), 3.89 (d, J  = 12.0 Hz, 1H), 
3.81 (d, J = 12.0 Hz, 1H), 2.97 (dd, J = 14.3, 8.0 Hz, 1H), 2.67 (dd, J = 14.3, 5.2 
Hz, 1H) 
13C-NMR (126 MHz, METHANOL-d4) 160.6, 156.3, 151.4, 136.2, 119.2, 112.8, 
80.6, 72.6, 64.5, 53.8, 39.6 
MS (ESI) m/z (M+H)+calcd. 276.1209; found 276.1167 
 
[(2′R,4′S)-4′-C-Cyano-2′,3′-dideoy]isoadenosine phosphoramidite (60) 
໬ྜ≀ 59 (70.0 mg, 0.269 mmol) ࢆྵࡴ THF ⁐ᾮ  (1.35 mL) ࡟ 1-࣓ࢳࣝ
࢖࣑ࢲࢰ࣮ࣝ  (353.8 μL 4.44 mmol), 1.0 M (ࣇ࢙ࢽ࣓ࣝࢺ࢟ࢩ࢔ࣛࢽࣝ ) ࣍
ࢫ࣍ࣟࢡࣟࣜࢹ࣮ࢺ  in THF (1.35 mL, 1.35 mmol) ࢆຍ࠼ , ᐊ ࡛ 24 ᫬㛫
᧠ᢾࡋࡓ . ࡑࡢᚋ , ཯ᛂᾮࢆ㓑㓟࢚ࢳ࡛ࣝᕼ㔘ࡋ , 10%㓑㓟Ỉ⁐ᾮ , Ỉ ,  㣬
࿴ NaHCO3 Ỉ⁐ᾮ࡛Ὑίࡋࡓ . Ὑίࡋࡓ᭷ᶵᒙࢆ MgSO4 ࡛஝⇱ࡋ , ῶᅽୗ
⁐፹ࢆ␃ཤࡋࡓ .  ࣇࣛࢵࢩࣗࢩࣜ࢝ࢤ࣒ࣝ࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮  
(SNAP 10 g, DCM/MeOH = 97/3 Ѝ  93/7 Ѝ  90/10 Ѝ  80/20) ࡟ࡼࡾ⢭〇ࡋ ,  
໬ྜ≀ 60  (12.5 mg, 0.0249 mmol, 9.26%) ࢆᚓࡓ .  
1H-NMR (500 MHz, METHANOL-d4) δ 8.10-8.07 (m, 2H), 7.25-7.18 (m, 2H), 
7.11-7.05 (m, 3H), 5.40-5.37 (m, 1H), 4.46-4.30 (m, 4H), 3.90-3.86 (m, 1H), 
3.58-3.56 (m, 3H), 3.02-2.97 (m, 1H), 2.72-2.61 (m, 1H), 1.26-1.22 (m, 3H) 
13C-NMR (126 MHz, METHANOL-d4) δ 175.53, 175.49, 175.35, 175.31, 157.35, 
153.83, 151.89, 151.85, 150.56, 150.48, 140.65, 140 .60, 130.79, 130.74, 126.34, 
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126.22, 121.49, 121.45, 121.27, 121.23, 120.29, 119.39, 119.25, 79.97. 79.90. 
73.82, 73.66, 69.21, 69.17, 68.60, 55.74, 55.71, 52.80, 51.60, 51.42, 41.38, 41.28, 
20.36, 20.30, 20.25, 20.19  
31P-NMR (202 MHz, METHANOL-d4) δ 3.02, 2.72 
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